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Summary 

T-lymphocyte recognition of antigen either on antigen-presenting cells (A PC) necessary for the 
generation of an immune response or on target cells during the effector phase of a cellular immune 
response requires expression of HLA molecules. Although immune mechanisms operate in many disease 
processes of the central nervous system (CNS), cells of the CNS generally express low levels of HLA 
molecules. In this study, the potential for upregulation of HLA molecules on adult human glial cells was 
examined. Moreover, the functional implication of this upregulation was assessed by the capacity of glial 
cells to process and present target antigens to HLA class 1-restricted influenza-specific and class 
ILrestricted myelin basic protem (MBP>specific CTL lines. Glial cells cultured from adult human surgical 
brain specimens or cells from established glioblastoma multiforme cell hnes were studied. Lysis by 
antigen-specific CTLs was dependent on treatment of the target cell with interferon-y. The lysis was HLA 
restricted and antigen specific. The results indicate that adult human glial cells can process and present 
antigen to HLA-restricted CTLs but require the upregulation of HLA molecules. These findings have 
implications for infectious and autoimmune diseases of the CNS. 



Introduction 

Antigen-specific T-lymphocytes are believed to 
be involved in the production of inmiunopatho- 
logicai disease of the central nervous system (CNS) 
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such as multiple sclerosis (MS) (Mokhtarian et al., 
1984; Fontana et al., 1987). Direct damage of 
tissue by cytotoxic T-lymphocytes (CTLs) requires 
recognition of a processed antigen on the target 
cell m the context of the appropnate HLA de- 
tennmants (Zinkemagel and Dohenv. 1974; Sun 
et a] . 198K). This process may be limiied in the 
CNS. snice brain cells express very low levels of 
HI A molecules (Wilhams et al., 1980) lixpression 
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of these molecules can be upregulaied in murine 
glial cell cultures by interferon-y (IFN-y) (Wong 
et al., 1984) or virus infection (Massa et a!., 1986) 
which allows these cells to function as antigen- 
presenting cells (APC). Animal experiments have 
demonstrated that mouse endothelial cells (Mc- 
Carron et al., 1985) and rat astrocytes (Foniana et 
al., 1984) can present myelin basic protein (MBP) 
to encephalitogenic T-ccU Unas, These lines have 
been shown to lyse MBP- treated rat astrocytes :n 
an antigen-specific and la- restricted fashion (Sun 
and Wekerle, 1986). In addition, inducibihty of la 
on rat astrocytes has been found to be strain 
dependent (Massa et al, 1987). While these find- 
ings indicate that native cells of the newborn 
murine CNS can present self antigen to T-cells, it 
is uncertain if similar processes occur in cells of 
the adult human brain and whether these cells can 
process and present viral antigen to CTLs. More- 
over, there is evidence that certain cells such as 
keratinocytes and epithelial cells can be induced 
to express la molecules but are incapable of 
processing and presenting antigen to T-cells (Gep- 
pert and Lipsky, 1985). In this study, the capacity 
of adult human glial cells to express HLA mole- 
cules and to acquire antigen-presenting function 
was examined by their ability to serve as targets 
for HLA class 1- and class Jl-restricted CTLs. 



Material and methods 

Primary glial cultures 

Aduh human glial cell cultures were established 
from surgical brain specimens obtained from the 
temporal lobes of patients treated for intractable 
seizures. After dissecting the meninges, the tissue 
was washed m phosphate-buffered saline (PBS), 
minced into 2-3 mm pieces, and treated with 0.2% 
trypsin and 20 /zg/mJ DNase (Sigma) in a volume 
of 10 ml for 40 min at 37**C. The tissue was 
vortexed every 10 min for 1 min. The trypsin 
digestion was stopped by adding 10% fetal calf 
serum (FCS). T\\c cell suspension was then trans- 
ferred to a 25 crn^ tissue culture flask or onto 
covershps precoait^d with poly-D-lysine (10 ^g/mt) 
(Sigma) and left undisturbed for 1 h in a C'O^ 
incubator. Duihc^xo's modified Eagle's medium 
(DMEM) containing \5% heat-inactivated FC S, 



glutamine, Hepes buffer, MEM nonessential amino 
acids, MEM vitamins, and penicillin/ streptomy- 
cin was then added to the cells. Medium was 
changed every 48 h for the first two changes, then 
every 4 days. 

Glioblastoma multiforme cell lines 

Ghobiastoma multiforme cell lines U-251 MG 
and U-373 MG were a gift from Dr. Darrel Bigner 
(Duke University, NC, U.S.A.) and the character- 
istics of these cell lines have been previously de- 
scribed (Bigner et al., 1981; Wikstrand et al , 
1985). U'251 MG is an estabhshed cell line de- 
rived from a human glioblastoma multiforme. This 
cell line continues to produce glial fibrillary acidic 
protein (GFAP) in culture which is suggestive of 
its glial origin. U-251 MG expresses high levels of 
class I HLA molecules but not class II (DR) 
molecules. U-373 MG is another estabhshed cell 
line derived from a human ghobiastoma multi- 
forme but does not produce GFAP. This cell hne 
expresses both class 1 and class II (DR) HLA 
molecules. 

Immunofluorescence microscopy 

Cells grown on coversUps were washed with 
PBS and incubated with anti-HLA class I 
(W6/32), anti-HLA class II-DR (L243) or nonim- 
mune hybridoma supernatant. The cells were then 
washed twice and a fluorescein-conjugated sheep 
an ti -mouse IgG (Kappel) was apphed. After two 
washes, the coverslips were fixed in 2% paraform- 
aldehyde for 15 min followed by Triton X-100 
(0.1%) treatment for 5 min. Rabbit antiserum to 
GFAP (Dako, CA, U.S.A.) or normal rabbit serum 
was then applied (1 : 250 dilution), followed by 
letramethylrhodamine B isothiocyanate (TRITC)- 
conjugated goat anti-rabbit antibody (Sigma). All 
antibody incubations were carried for 45 min at 
25 °C. The specificity of the immunostaining was 
established by the negative results obtained when 
one of the primary antibodies was omitted or 
nonimmune serum was apphed. Elimination of 
either sheep anti-moasd or goat anti-rabbit anti- 
serum resulted in the appropriate lack of specific 
staining indicating af>SL*nce of interspecies cross- 
reactivity. Cells were examined on a Leitz fluo- 
rescent microscope and photographed with Kodak 
Ektachrome p800/16*i<» film. 
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Generation of cytotoxic T-cells 

Innuenza CTL are predominantly restricted by 
HLA class I molecules (Biddison, 1982). These 
were used to examine class I-restricted antigen 
presentation by human gHal ceUs. Influenza virus- 
specific CTL were generated as descnbed (Dhib- 
Jalbut et al. 1989). BrieHy, 4x10^ peripheral 
blood lymphocytes (PBL) matched with the 
primary glial cell targets for class 1 HLA mole- 
cules were cultured with influenza virus (A/JAF) 
for 1 h in 2 ml RPMl 1640 supplemented with 
glutamine in a 24-weU tissue culture plate. Five 
percent human AB serum was then added and the 
cultures were carried for 7 days in a 5% COj 
humidified incubator. Generation o'f mfluenza 
virus-specific CTL lines Q115 and 1D3 has been 
previously described (Cowan et al.. 1987; Nuch- 
tem et al. 1989). The hne Q115 recognizes a 
synthetic peptide (Ml) which corresponds to 
amino acid sequences 55-73 of the matrix protem 
of influenza virus A/JAP, and is restricted by 
HLA-A2 molecules. The hne 1D3 recognizes in- 
fluenza virus A/JAP and is restricted by HLA-A3 
molecules. 

MBP-specific T-cell Unes were generated from 
DR2 homozygous donors by repeated stimulation 
of PBL with MBP (10 ^g/ml) in the presence of 
autologous irradiated feeders (6000 rad) in RPMI 
1640 media containing 10% human AB serum. 
After two passages, 10% human T-ceU growth 
factor (Cellular Products, Buffalo, NY, U.S.A^ 
was added to the cultures. These Unes were CD4 
by FACS analysis, and DR2 restricted as de- 
termined by lysis of DR2-transfected targets 
(Jaraquemada, D. et al., m preparation). These 
hnes were used 6 days after stimulation to ex- 
amine presentation of class ILrestricted antigen 
by glial cell targets. 

Generation of targets 

GHal cell targets obtained from pnmary cul- 
tures were treated with IFN-y (100 units/ml, 
Genzyme, MA, U.S.A.) for 3 days and then in- 
fected with influenza virus (A/JAP) for 16 h. 
Targets obtained from the cell Unes U-251 MG, 
U-373 MG, and an EBV transformed B-cell Une 
(K4B) were infected either with influenza virus 
A/JAP strain or influen/a virus B/AA strain or 
pulsed with the Ml pepiuic (5 ixg/m\) for 16 h. 



M8P targets were pulsed with human MBP (100 
^tg/ml) for 16 h. GUal cells were removed from 
the tissue culture flasks by trypsimzation and 
washed with Rf Ml 1640 containing 5% FCS, The 
targets were then suspended in 0.3 ml medmm 
containmg 100 ^Ci/ml of Na[^^Cr]0, (New En- 
gland Nuclear, Boston, MA, U.S.A.) and m- 
cubated for 90 min in a 37"C water bath. The 
chromated targets were then washed twice with 
medium and counted. 

CTL assay 

Varying numbers of effector ceUs were cultured 
with 5000 '^Cr-labelled targets in tripUcate wells 
of a 96-well microliter plate in a volume of 200 /il 
of DMEM containing 10% FCS supplemented with 
glutamine. After 4 h of incubation in a humidi- 
fled, 5% CO2 atmosphere, the plates were spun at 
5000 rpm for 5 min, the supernatants were 
harvested and ''Cr release measured using a 
gamma counter. Percent target lysis was calculated 
as (experimental release - spontaneous release)/ 
(detergent release - spontaneous release) x 100. 



Results 

Characterization of cell types in the primary cultures 
Cells cuUured on coversUps were examined 2-3 
weeks after tissue dissociation. 70-80% of the cells 
used in this study were astrocytes as determined 
by staining with rabbit antiserum to GFAP and 
visualization by immunofluorescence microscopy. 
The majority of the remaining cells reacted with 
the monocyte/ macrophage marker (leu-M3) and 
less than 5% reacted with rabbit antiserum to 
fibronectin. Cells that reacted with leu-M3 had 
morphological characteristics consistent with mi- 
croglia including irregular rod-Uke shapes and 
short branching processes. The presence of oUgo- 
dendrocytes was not examined m the cultures used 
,n this study. However, examination of subsequent 
cuUures estabUshed from differcni brains under 
similar conditions indicated the presence of less 
than 5% of cells that react with antibodies to the 
oligcxiendrocyle markers galactocerebroside (gift 
from Dr M. Dubois-Dalcq) and MBP (Dako^ 
patts). Cells reacting with antibo<!Ks to Von Wil- 
lebrand factor (an endothelial cel. marker) were 
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Fig. 1. Two-color immunofluorescence for GFAP {A, C, E, and G) and cither class I oj class II (DR) pre- and post-trealmctit with 
IFN-y for 3 days, (A and B): Untreated ceUs costained for GFAP and HLA class I; it and D): IFN-y-trcatcd cell contained for 
GFAP and HLA class I; (£ and F): untreated cells costained for GFAP and HLA-Dk io and H): IFN-y-treated cells costained 

for GFAP and HLA-DR ( X400V 



not observed in these cultures. Approximately 50% 
of the GFAP-positive cells constitutiveJy ex- 
pressed low levels of HLA class I molecules (Fig, 
I A and B) and less than 5% expressed HLA class 
II (DR) molecules (Fig. IE and F), biu expres- 
sion could be upregulatcd on these cells up to 90% 
for both cla.ss I and class II DR by ire.iimcnt with 
IFN y HX) units/ml for 3 days (Fig. IC . D, and 



G, H). Uprcgulation of HLA class I and DR 
molecules was also observed on cells with a mor- 
phological appearance of macrophage/ microg^lia. 

Presentation of target antigens by primary cultures 
The capaci' V of primary adult human glial cells 
(70% of which were GFAP positive) to pre>eMt 
influenza A ^ rus antigen to influenza vims 
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specific class I HLA restricted CTLs was ex- 
amined. FoUowing trcaiment with IFN-7 and sub 
sequent infection wiih influenza A/JAP virus these 
gUal ceUs were lysed hv influenza virus-sumulaled, 
HLA class I-matched PBL from a healthy donor 



Lysis was not observed with the unstimulated 
PBLs or with the uninfecied targets (Fig. 2/1). 

Lysis of MBP-pulsed targets by MBP-specific 
T-cell lines was used to examine HLA class ll-re- 
stncted lysis. The MBP T ceil Unes used in this 
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Study are CD4^ cells and are restricted by HLA 
class il molecules (Martin, R. et al., in prcpara- 
tion). Primary adult human glial ceils (80% of 
which were GFAP positive) were obtained from a 
patient with an HLA-DR2 haplotype. Following 
treatment with IFN-y and MBP these cells could 
be effectively lyscd by two human MBP-spccific 
DR2-restricted T-cell Unes (Fig. 25 and C). The 
lysis was dependent on treatment of the target 
cells with IFN-y. No lysis was obtained with 
targets treated with IFN-y but not exposed to 
MBP (Fig. 25). Similar results were obtained with 
another MBP-specific DR2-restricted T-ceU line 
from a different donor at serial effector to target 
ratios (Fig. 2C). 

Presentation of target antigens by GFAP^ cells 
derived from glioblastoma multiforme 

The primary adult human glial cell cultures also 
included nonastrocytic ceU types, and therefore, 
the magnitude of ^^Cr release attributable to each 
cell population cannot be ascertained. Thus, the 
ceU Une U-251 MG which produces GFAP was 
used as a target in the subsequent experiment to 
estabhsh that similar results could be obtained 
with cells presumably of glial origin. Moreover, 
the capacity of this gUal target to be lysed by CTL 
in an HLA-restricted fashion was also examined. 

U-251 MG cell line shares with normal adult 
astrocytes two relevant characteristics: it is GFAP 
positive and constitutively expresses HLA class I 
(A2) but not DR molecules. In contrast, U-373 
MG does not express GFAP but expresses both 
HLA class I (A3) and DR molecules. U-251 MG 
was examined for its ability to present target 
antigens to the influenza virus-specific HLA-A2- 
resiricted T-ceU line Q115. An HLA-A2-positive 
EBV-transformed B-ccll line (K4B) was used as a 
control target. As shown in Fig. 3, Q115 lysed 
U-251 MG and B-ccll targets that were infected 
with the A/JAP strain of influenza virus (Fig. 3^4 
and /) or pulsed with the Ml peptide (Fig. 35 
and J) but not targets infected with a different 
strain of influenza virus (B/AA) (Fig. 3C and K) 
or uninfected targets (Fig. 3Z) and L). Lysis of 
U-251 MG target with the mismatched effectors 
(1D3) was not observed (Fig. 3/1 O) indicating 
that the lysis of this target was restricted by HLA- 
A2 molecules. Similarly, no lysis was obtained 



U2S1 MG 
(HLA-A2J 

A. InfKMfU* A/JAP 



U373 MG 
IHLA-A3) 

E. InftuMiui A;JAP 



(HLAA2) 
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1:1 10:1 
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Fig. 3. Lysis of GFAP^ ghoblastoma multiforme cells (U-251 
MG) by influenza virus-specific HLA-A2-rcstricted T-ceU line 
QllS (open circles). U-251 MG and EBV-transformed B-cells 
express HLA-A2. When infected with influenza virus. A/JAP 
strain or pulsed with the influenza virus Ml peptide, these 
targets were lysed by QllS {A, /. /). No lysis was observed 
with targets infected with a different strain of inRuen/a virus 
(B/AA) {C, K)ot left uninfected {D, L). GUoblasioma U-373 
MG targets which express HLA-A3 and infected with in- 
fluenza virus were not lyscd by T-ccU line Q115 but could be 
lysed by the HLA-A3-rcstrictcd T-ccll line 1D3 ( £) Similarly, 
T-cell Une 1D3 did not lyse U-251 MG targets {A). 



with QllS on the mismatched target (U-373 MG, 
HLA-A3 positive) but this target could he lysed 
by 1D3 (Fig. 3£-H) indicating that the Ivsis by 
these cell lines is HLA restricted. 
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Discussion 

In this study, primary gUal cell cultures were 
estabUshcd from adult human brain. These cul- 
lures consisted primarily of astrocytes (70-80%) 
and microglia/macrophages (15-20%). The mi- 
crogUa/ macrophage ceUs are Ukely to be derived 
from the brain rather than from peripheral blood 
contamination, since peripheral blood monocytes 
from the same paUent cultured under similar con- 
ditions were morphologically different from the 
brain-derived microglia/ macrophages. Fibro- 
blasts were rarely detected in cultures less than 3 
weeks old, but they increased in number, there- 
after Cottsequently, 2- to 3-week-old cultures were 
employed in order to study anugen presentation 
by glial cells. Under basal conditions, 50% of 
GFAP^ ceUs expressed class 1 HLA molecules but 
only 5% expressed class II molecules. Both fluo- 
rescence intensity and number of cells expressmg 
HLA molecules were increased by IFN-7 treat- 
ment. In general, these findings are in agreement 
with the observations reported in previous studies 
(Hirayama et al., 1986; Grenier et al., 1989) and 
personal communication with Dr. J.P. Antel. 

The capacity of primary glial ceUs expressing 
class I and class II HLA molecules to present 
target antigens to CTL was examined. Smce both 
viral and auto-aniigens have been implicated m 
the development of autoimmune disease (Fontana 
et al 1987). presentation of these antigens by 
primer human glial cells was studied. The present 
data suggest that primary mbced glial cell cultures 
can function as targets for anligen-specific CTL. 
As shown in Fig. IB and C, the abiUty of these 
ceUs to funcuon as targets for MBP CTL is depen- 
dent on treatment of the targets with IFN-y which 
results in upregulation of HLA molecules. IFN-y 
also has been shown to upregulate the expression 
of adhesion molecules such as intercellular ad- 
hesion molecule 1 (ICAM-1) on murine astrocytes 
which could contribute to more effective lysis of 
these cells (Frohman et al., 1989). Since the 
primary aduU human glial cells contained nonas- 
trocytic cell tvpes such as microgUa, the extent of 
^'Cr release attnbutable to each cell population 
was uncertam Therefore, either astrocytes or mi- 
croglia or both could have functioned as targets 
for CTL Attempts to separate the astrocytes and 



microgUal cells have been hampered by the Umiied 
number of ceUs that can be obtained from adult 

brain tissue. 

For these reasons an estabUshed human glio- 
blastoma cell Une U-251 MG which produces 
GFAP was used as targets to establish that similar 
results could be obtained with ceUs that are hkely 
to be derived from a ghal origin. The study per- 
formed with this cell line indicated that U-251 
MG can process and present viral anUgens as 
efficiently as B-cells, since both targets produced 
comparable lysis with the influenza virus and the 
Ml peptide (which does not require processing). 
Moreover, the results obtained with the U-251 
MG targets indicated that the lysis of these targets 
is antigen specific and HLA restricted. 

In autoimmune disease of the CNS the evi- 
dence that native cells of the CNS can present 
antigen in situ or become targets for the cellular 
immune response is largely circumstantial. Such 
evidence is derived from the immunohistochenucal 
demonstration of class II HLA molecules on as- 
trocytes, microgha, and endothehal cells in lesions 
of brains affected with multiple sclerosis or EAE 
(McCarron et al., 1985; Hayes et al., 1987; Trau- 
gott, 1987; Grenier et al, 1989). Studies address- 
ing the functional capacity of these CNS cells to 
present antigen to T-cells have been conducted in 
murine systems and have largely focused on MBP 
(Fontana et al., 1984; McCarron et al., 1985; Sun 
and Wekerie, 1986). The present study suggests 
that adult human astrocytes and/or microgUa can 
present viral or auto-antigen to cytotoxic T-cells. 
In addition, the results obtained with the GFAP 
cell Une U-251 MG support a role for astrocytic 
ceUs in presenting antigen to T-cclls. These find- 
ings have impUcations for pathogenic mechamsms 
involved in the development of autoimmune dis- 
eases of the CNS. HLA molecules induced on glial 
cells by IFN-y released during inflanunation could 
render these cells capable of presenting antigen to 
T-cells. GUal cells could then play a role in the 
induction of an immune response within the CNS 
or become targets for CTL. 

In addiUon, clearance of a virus infection from 
the brain may be dependent, in part, on CTL lysis 
of infected cells (Oldstone et al., 1986). This, m 
turn, is dependent on the upregulation of HLA 
molecules on the infected brain cells and the 
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capacity of these cells to process viral antigens. 
While this study suggests that adult human glial 
cells expressing class T HLA molecules may pro- 
cess and present viral antigen to HLA class I-re- 
stricted CTLs, it is not known whether similar 
processes occur in other eel! types of the CNS. 
The persistence of certain viruses in the CNS may 
be related to a failure to upregulale HLA mole- 
cules, and subsequently* failure of CTL recogni- 
tion of infected cells. 

Finally, there is increasing interest in in- 
tracerebral transplantation of fetal tissue for pa- 
tients with Parkinson's disease. Experimental evi- 
dence in rats suggests that microglia may par- 
ticipate in the immunological reaction to xeno- 
grafts by functioning as antigen-presenting cells 
(Poltorak and Freed, 1989). Moreover, adult hu- 
man mixed glial cell cultures have been shown to 
induce an allogeneic T-cell response (Grenier et 
al., 1989). The present findings suggest that hu- 
man glial cells potentially can participate in the 
immunological reaction to intracerebral trans- 
plants under conditions that would lead to upreg- 
ulation of HLA molecules. 
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Stimulated with Tumor Cells 



Hirofumi Naganuma, Atsushi SASAKI, Eiji Satoh, 
Mitsuyasu Nagasaka, Shin Nakano, Shiro ISOE, 
Kachio Tasaka*, and Hideaki NUKUI 



\t/o 



Department^of Neurosurgery/and *Parasitology and Immunology, 
Yamanashi Medical Universi/yJVamanashi 



^ Abstract 

The effect of transforming growth factor-/? (TGF-;9) secreted by glioblastoma {T98G) cells on the secre- 
tion of interferon-y (IFN-y) by iymphokine-activated killer (LAK) cells stimulated with tumor cells 
was investigated in cocultures of LAK and Daudi cells supplemented with T98G culture supernatant, 
T98G culture supernatant preincubated with anti-TGF-/?l and anti-TGF-/?2 neutralizing antibodies, 
anii-TGF-^1 and anti-TGF-^2 antibodies, or natural human TGF-^1 or recombinant human TGF-;32. 
LAK cells were incubated with anti-TGF-^1 and anti-TGF-^ antibodies, and with T98G cells of 
which the supernatant contained both active and latent forms of TGF-j51 and TGF-/?2, with or without 
neutralizing antibodies. Addition of the supernatant from T98G cells to LAK/Daudi culture caused 
inhibition of IFN-y secretion by LAK cells. The inhibition was abolished by pretreatment of the super- 
vid^.mi^ with anti-TGF-;ff antibodies. Addition of TGF-/?1 and TGB-02 to the LAK/Daudi culture in- 
hibited IFN-y secretion by LAK cells in a dose-dependent manner. Addition of anti-TGF-/? antibodies 
to the LAK culture resulted in increased IFN-y secretion. T98G cells failed to stimulate LAK cells to se- 
crete more IFN-y. Addition of anti-TGF-^ antibodies to the LAK-T98G culture resulted in increased 
IFN-y secretion by LAK cells. These results suggest that most malignant glioma cells which secrete 
high levels of TGF-/ff can inhibit IFN-y secretion by LAK cells even after tumor cell stimulation^ 

Key words: transforming growth factor-^, glioblastoma, interferon-y, 
Iymphokine-activated killer cell 



Introduction 

Malignant glioma cells secrete or express several 
cytokines, including transforming growth factor-^ 
(TGF-^) which has immunosuppressive properties 
such as inhibition of T and B cell proliferation,'^^'' 
interleukin-2 receptor induction,'^' cytokine produc- 
tion Z-^* natural killer cell activity,"* cytotoxic T lym- 
phocyte development,"* iymphokine-activated killer 
(LAK) cell generation,'* and production of tumor 
infiltrating lymphocytes.'^* Most cells secrete T(jl 
in a latent form,"^* which only manifests its biologicaf 
functions after conversion to an active form.'''' Our 
previous .studies showed that malignant glioma cdi^^ 
secrete both TGF-^1 and TGF-^, and could come t 
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TGF-fi from a hient to an active form.^^-^* TGF-^ff 
secretion from malignant glioma cells may be in- 
volved in the immunosuppressive state of 
patients.'*-'** 

Patients with malignant glioma have been treated 
with LAK cells."'^*"' Although LAK therapy had 
some efficacy against malignant gliomas, LAK ther- 
apy in vivo has been less effect ive than suggested by 
in vitro studies. This discrepancy may be due to gliot- 
ic tissue limiting the direct contact of LAK cells with 
tumor cells, the inability of LAK cells to infiltrate 
into all tumor tissue, or the effects of immunosup- 
pressive cytokines such as 1 GF-/? secreted by malig- 
nant glioma cells. LAK cells have a non-specific 
killing activity against tumor cells*' and also secrete 
interferon-y (IFN-y) arid rumor necrosis factor 
(TNF) when stimulated with tumor cells/* However, 
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our previous study showed that cytokine(s) secreted 
by malignant glioma cells inhibit such secretion of 
TNF-a, TNF-^, and IFN-y,'" and that TGF-/? sup- 
pressed TNF-a and TNF-/? secretion by LAK cells 
even after stimulation with tumor cells."* This may 
occur in malignant gliomas, since most malignant 
glioma cells have the potential to activate latent 
TGF-j?."'^** TGF-/? also inhibits IFN-y secretion by 
LAK cells.' " However, the effect of TGF-;ff on IFN-y 
secretion by LAK cells after stimulation with tumor 
cells has not been examined. 

The present study investigated the effect of TGF-^ 
secreted by glioblastoma cells on the secretion of 
IFN-y by LAK cells stimulated with tumor cells. 

Materials and Methods 

I. Cell lines 

Human glioblastoma cell line (T98G) and Daudi 
cell line (human B tumor cell line derived from a 
patient with Burkitt's lymphoma) were obtained 
from the Japanese Cancer Research Resources Bank 
(Tokyo). These tumor lines were maintained in 
RPMI1640 medium supplemented with 2 mM giuta- 
mine, lOO^g/ml kanamycin, 0.05 mM 2-mercapto- 
ethanoU and 10% fetal bovine serum. 

II. Induction of LAK cells 

LAK cells were induced as described elsewhere.^'' 
Briefly, peripheral blood mononuclear cells were col- 
lected from the heparinized peripheral blood of nor- 
mal healthy donors by centrifugation on a FicoU- 
Paque (Pharmacia Fine Chemicals, Uppsala, 
Sweden) density gradient. Peripheral blood 
mononuclear cells were cultured at 2 x 10* cells/ml 
in RPMI1640 medium with 10% fetal bovine serum 
and 2000 Japan Reference units/ml of interleukin-2 
(Takeda Pharmaceutical Co., Ltd., Osaka). After 
culturing for 3 to 5 da>s, LAK cells were collected. 

III. Collection of conditioned medium 

Subconfluent T98G cells were cultured in tissue cul- 
ture flasks (25 cm^; Becton Dickinson, Franklin 
Lakes, N.J., U.S.A.), washed three times with phos- 
phate-buffered saline, arut cultured in 3 ml of serum- 
free RPMI1640 medium After cuhuring for 24 
hours, the supernatanis were collected, filtered (0.22 
mm; Millipore Ltd.. [ .)k>o), and stored at -20°C 
until use. Previous siu ties indicated that the super- 
natants contained boih active and latent forms of 
TGF-y?l and TGF-/?2 

IV. LAK cell culture uKh Daudi cells 

LAK cells were ad n tcci lo a concentration of 1 



■ 10'' cells/ml in complete medium with 5% fetal bo- 
\ me serum and incubated with Daudi cells at a LAK/ 
Daudi cell ratio of 10:1 at 37=^C under 5^o CO: in 24- 
well plates (Corning, Tokyo). Various LAK/Daudi 
cultures were supplemented with I) 300 /il of T98G 
LuUure supernatant, 2) 600/il of T98G culture super- 
natant preincubated with anti-TGF-;?l (R&D Sys- 
tems, Minneapolis, Minn., U.S.A.) and anti-TGF- 
ISZ (R&D Systems) neutralizing antibodies (final con- 
centration 6^g/ml), 3) anti-TGF-jSl and anti-TGF- 
/J2 antibodies (final concentration of each antibody 
6 /Jg/ml), and 4) 3 ng, 300 pg, 30 pg, or 3 pg/ml of 
natural human TGF-j91 (Genzyme, Cambridge, 
Mass., U.S.A.) or recombinant human TGF-j^ 
(Austral Biologicals, San Ramon, Cal.. U.S.A.) in 
a total volume of 1 ml. LAK cells were mcubated 
with anti-TGF-^1 and anti-TGF-y?2 antibodies (final 
concentration of each antibody 6 //g/ml) and chicken 
immunoglobulin 0 (Cappcl, Durham, N,C., 
U.S.A.) or rabbit immunoglobdin G (Cappel) (final 
concentration 6//g/ml). After culturing for 16 to 18 
hours, the culture supcrnatants were harvested, 
filtered, and stored at -20°C until use. 

Preliminary studies indicated that at least 10 //g/ 
ml of anti-TGF-)5l or anti-TGF-y?2 antibodies com- 
pletely neutralized 2.5 ng/ml of natural human TGF- 
f] \ or recombinant human TGF-j52, respectively, and 
that anti-TGF-^1 antibody did not neutralize TGF- 
jJl and vice versa. Therefore. theT98G culture super- 
natant was preincubated with anti-TGF-/n (lO/yg/ 
ml) and anti-TGF-)92 (lOjUg/ml) antibodies for 1 
hour at room temperature. We used Daudi cells, 
since Daudi cells are commonly used as a lumor tar- 
j;et of LAK cells and are resistant to natural killer 
cell-mediated cytotoxicity. Furthermore, no TGF-/? 
jctivity was detected by bioassay in the supernatant 
from Daudi cell culture. 

\ . LAK cell culture with T98G cells 

LAK cells were adjusted to a concciuration of 1 
■ 10^ cells/ml in complete medium with 5 ! A fetal bo- 
vine serum and incubated with T98G cells at a LAK/ 
\m:, cell ratio of 10:1 at 37''C under 5 v;, COi in 
24 well plates (Corning). LAK/T98G culiures were 
supplemented with anti-TGF-^1 and/oi anti-TGF- 
fi?. ;intibodies. After culturing for 16 to 18 hours, the 
culture supcrnatants were harvested, tiltered, and 
stmed at -20°C until use. 

VI. Measurement of IFN-y activity 

\lS-y activity in the culture supernatants was 
nieasitred by a modified bioassay described elsc- 
wtie[L' '-'Supcrnatants from LAK and lunu-r cells cul- 
tarcs contained TNF-a, TNF-^, and il-N-y.^^-" 

\curol Med Chir (Tokyo) 36, \<>^,-mher, 1996 
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etal bo- Most supcrnatants from malignant glioma cells con- 

I LAK/ tained both latent and active forms of TGF-j51 and 

>jin24- TGF-/?2.^^^'" These cytokines may have antiprolifera- 

/Daudi tive activity against most cell types. However. T98G 

f T98G cells are resistant to the antiproliferative activity of 

I super- ' recombinant human TNF-a, TNF-j?, and TGF-j5 (da- 

;D Sys- ta not shown). On the other hand, T98G cells are 

ti-TGF- very sensitive to IFN-y and the antiproliferative activ- 

lal con- ity of IFN-y against T98G cells is reproducible, with 

ti-TGF- a coefficient of variation between assays of 4.8- 

ntibody 24.3% depending on dilution. Therefore, we used 

g/ml of T98G cells for the bioassay to detect IFN-y activity, 

ibridge, : 1 Serial two-fold dilutions of each supernatant were 

FGF-^ \ made in duplicate in RPMI 1 640 medium supplement- 

5. A.) in V ed with 10% fetal bovine serum in 96-wcll flat-bot- 

cubated {I tomed microtiter plates. The T98G cells were seeded 

es (final '| at 2000 cells/ well, then incubated at 37 °C under 5% 

chicken CO2. After 3 days of incubation, the cells were 

N.C., < stained with 0.5% crystal violet in 20% methanol, 

il) (final '< :; The dye was eluled with 50% ethanol, and the absor- 

16 to 18 1:5 bance at 570 nm was determined by a Titertek 

rvested, Multiskan (Flow Laboratories, Inc., Helsinki, Fin- 
' I land) The relative percentage viability was calcu- 

t 10|ig/ . p. lated as: (optical density [supernatant-treated]/opti- 

es com- i; cal density [untreated]) x 100. Recombinant human 

mTGF- IFN-y (Toray Co., Ltd., Tokyo) with a specific ac- 

ely, and ^ I' tivity of 4.2 x lOMU/mg was used as an internal 

le TGF- * I standard. The supernatants were preincubated with 

•e super- anti-TNF-a (5^g/ml; R&D Systems) or anti-lFN-y 

(lOyUg/ (10/ig/ml; Genzyme) to specify the activity. In pre- 

js for I I :;i liminary studies, the antibodies completely neutral- 

di cells, ized 1 ng/ml of recombinant human TNF-a (Dai- 

mor tar- t| nippon Pharmaceutical Co., Ltd., Osaka) and 1000 

al killer lU/ml of IFN-y (Toray Co., Ltd.), respectively. 

> TGF-^ ' i: The dilution causing growth inhibition of 50% of 

ernatant the cells was determined and the activity of IFN-y 
(lU/ml) was calculated from the standard dilution 
curve. 

ion of 1 . Results 
fetal bo- 

aLAK/ L Inhlbitionof IFN-y secretion by T(;F-/? in LAK/ 

CO2 in Daudi culture 

res were LAK cells constitutively secreted If N-y, and 

iti-TGF- Daudi cell stimulation resulted in the increase of 

3urs, the IFN-y secretion by LAK cells (Fig 1 ) f he levels of 

ed, and (FN-y secreted by LAK cells were variable in differ- 
ent donors. The increased IFN-y sect ct 1011 by LAK 
cells was suppressed by addition of T%G culture 
supernatant to the LAK/Daudi culuiic When the 

Lnts was LAK/Daudi culture was supplemenud with T98G 

»ed else- culture supernatant pretreated with .uu i TGF-^1 

cells cul- and anti-TGF-^ neutralizing antibodies or with the 

'N-y.™'^" antibodies alone, IFN-y secretion b\ LAK cells 

tber, 1996 Neurol Med Chir (Tokyo) 36. Nownv.-. 1996 
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LAtC'Daudi 



LAKyDaudi + T98G sup 



LAK/Daudi + 
(T98G sup + Ab ) 

LAK/Daudi + Ab 

0 50 100 150 200 250 
IFN- y activity (iU/ml) 

Fig. 1 Effect of T98G culture supernatant on IFN-y 
secretion of L\K cells stimulated by Daudi 
cells. Cocultures of LAK and Daudi cells were 
supplemented with T98G culture supernatant 
to 1 ml total volume Ab.: anli-TGF-^1 (20 
/ig/ml) and ami TGK-jff2 (20/ig/ml) antibod- 
ies, T98G sup.: T98G culture supernatant, 
T98G sup. ^ Ab.: fySG culture supernatant 
preincubated with anii-TGF-^l and anti-TGF- 
/?2 antibodies. The figure represents three ex- 
perimeni!*. 



achieved a nearly two-fold mcreasc compared to 
that in LAK/Daudi culture. IFN-y activity in the 
supernatants was specified using anti-IFN-y neu- 
tralizing antibody. The addition of anti-IFN-y anti- 
body almost completely abolished the growth in- 
hibitory activity in the supernatants. On the other 
hand, the addition of anti TNF-a antibody did not 
affect the activity. 

II. Effect of anti-TGF-/J antibodies on IFN-y secre- 
tion by LAK ceils 

When T98G supernatant pretrealed with anti 
TGF-/3 antibodies was added to LAK/Daudi culture, 
IFN-y secretion by LAK cells increased more than in 
LAK/Daudi culture (Mg. I). Therefore, anti-TGF-^ 
neutralizing antibodies were added to LAK cell cul- 
ture to examine how anti-TGF-)? alone affects IFN-y 
secretion by LAK cells IFN-y secretion by LAK celts 
showed a three- to nine-fold increase with the addi 
tion of anti-TGF-//l (chicken immunoglobulin G) 
and/or anti-TGF^2 (rabbit immunoglobulin G) neu- 
tralizing antibodies, but was minimal with the addi 
tion of chicken and rabbit immunoglobulin G (Fig 
2). This indicates that LAK cells themselves may 
Crete low levels of IGF-/?! and TGF-^, and can con 
vert lGf-p\ and f (»F-/)2 from the latent to active 
forms. 
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LAK + anti-TGF-/?1 Ab. 

LAK + anti-TGF-/32 Ab. 

LAK . 
anti-TGF-/f1//J2 Ab. 

LAK + chicken IgG 
LAK + rabbit IgG 
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0 50 100 150 

IFN- y activity (lU/ml) 

Fig. 2 Effect ot anti-TGF-^I and anti-TGF.y?2 anti- 
bodies on IFN-y secretion by LAK cells. Anti- 
TGF-/f1 (chicken Immunoglobulin G 6/ig/ml) 
and/or anti-TGF-/?2 (rabbit immunoglobulin 
G 6//g/ml) antihodies were added to LAK cul- 
ture. Ab.: antibody, IgG: immunoglobulin 
G. The figure represents two experiments. 



LAK only 
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LAK/Daudi + TGF-/?1 
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300 pg/ml 
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Fig. 3 Effect of TGF /?1 and TGF-^2 on IFN-y secre- 
tion by LAK cells stimulated by Daudi cells. 
Natural human TGF-^l or recombinant hu- 
man TGF-^ was added to LAK/Daudi cul- 
ture. The figure represents two experiments. 



in. Effect ot exogenous TGF-/? on IFN-y secretion 
by LAK cells 

Natural human TGF-^1 and recombinant human 
TGF-)?2 suppressed IFN-y secretion by LAK cells m 
LAK/Daudi culture in a dose-related manner (Fig, 3) 
Addition of 300 pg/ml of or TGF-/?2 result 

ed in around ^0% inhibition of IFN-y secretion In 
LAK ceils stinuilatcd with Daudi cells. Furthcrnioic 
addition of 3 ng ml of TGF-^1 or TGF-/?2 resuht J 
in complete ininhmon of increased IFN-y secrctuM, 
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Fig. 4 Effect of anti-TGF-/?I and anti-TGF-^2 antibo- 
dies on IFN-y secretion by LAK cells stimulat- 
ed with glioblastonia cells. Ab.: antibody. 
The figure represents two experiments. 



by LAK cells. 

IV. Inhibition of LAK cell IFN-y secretion by 
T98G cells 

IFN-y secretion by LAK cells was not stimulated 
by T98G cells in contrast to the stimulation by Daudi 
cells (Fig. 4). However, the addition of anti-TGF-^1 
and/or anti-TGF-y?2 antibodies to the LAK/T98G 
culture resulted in increased IFN-y secretion by LAK 
cells. Preliminary studies'^* found the T98G culture 
supernatant contained more than 1 ng/ml of total ac- 
tive forms of TGF-)91 and TGF-^ in several assays 
where recombinant TGF-^ was used as an internal 
standard. 

Discussion 

The present study indicated that TGF-fi secreted and 
activated by glioblastoma cells inhibited IFN-y secre- 
tion by LAK cells even after tumor cell stimulation, 
and that exogenous TGF-/?1 and TGF-^ also inhibit- 
ed IFN-y secretion by LAK cells. Together with our 
previous results,"' this suggests that TGF-^ may in- 
hibit the secretion of TNF-a, TNF-j5, and IFN-y by 
LAK cells stimulated with tumor cells. The present 
study provided additional evidence that LAK cells 
may secrete low levels of TGI -^1 and TGF-^2, and 
can convert TGF-^1 and TGF /?2 from the latent to 
active forms. Although TGF-// in the culture media 
was derived from both glioblastoma ceils and LAK 
cells, the present results suggest that glioblastoma- 
derived TGF-y? mainly inhibited IFN-y secretion by 
LAK cells, which is consistent with our previous 
study."' Recent reports have shown that interleukin- 
2 stimulation of peripheral blood mononuclear cells 

Neurol Med Chir (lokvo) .i6, November, 1996 
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results in up-regulation of intracellular TGF-^ mes- 
senger ribonucleic acid and TGF-/? biologic activity 
secreted in culture media," '^* and that peripheral 
blood mononuclear cells secrete and activate latent 
TGF-^1 on intcrleukin-2 stimulation.'-' Therefore, 
the activation of latent TGF-^1 and TGF-/?2 by LAK 
cells may function as a negative feedback mechanism 
for cytokine secretion. However, activation of TGF- 
p by LAK cells apparently cannot inhibit efficiently 
the secretion of TNF-a, TNF-^, and IFN-y by LAK 
cells stimulated with Daudi cells. This suggests that 
most malignant glioma cells which secrete high levels 
of TGF-^ can inhibit IFN-y secretion by LAK cells 
even after tumor cell stimulation. On the other hand, 
the low level of TGF-y? secreted and activated by 
LAK cells may not be sufficient to inhibit IFN-y secre- 
tion by LAK cells after stimulation with tumor cells. 

The present study used glioblastoma cells with a su- 
pernatant containing both active and latent forms of 
TGF-^1 and TGF-^2^^* for the coculture of LAK and 
tumor cells. Some tumor cells can convert TGF-^ 
from a latent to an active form,^" although the 
mechanism of the activation is not well understood. 
LAK cells injected Into patients with tumors may se- 
crete more TNF-a, TNF-A, and IFN-y, as well as kill 
tumor cells, if the LAK cells contact the tumor cells. 
However, LAK cells may fail to secrete more cytotox- 
ic cytokines when in contact with tumor cells which 
can convert latent TGF-^ to the active form, such as 
malignant gliomas."' This inhibition of cytokine 
secretion by TGF-)ff may suppress the propagation of 
cytokine signals and therefore partly explain the low 
efficacy of LAK therapy and other immunotherapeu- 
tic modalities,''-^*-^^ "^ 

Lymphocytes infiltrate into most tumor tissues, 
and some are cytotoxic against tumor cells after in 
vitro expansion.'^ '*"* However, activated lympho- 
cytes express more high affinity TGF-yS receptors 
than resting lymphocytes, TG¥ 0 downregulates the 
expression of interleukin 2 receptors on T lympho- 
cytes, and activated T cells synthesize and secrete 
TGF-/?, which inhibits inter leu icin-2-depcndcnt T cell 
proliferation.'^' Therefore, the presence of active 
TGF-/? in tumor tissue may paraly/e the function of 
these tumor-infiltrating lymphocytes by inhibiting 
cytokine secretion (TNF-a, TNr A, and IFN-y) and 
by inhibiting proliferation through TGF-/? receptors. 

An active form of TGF-/? is produced by cocul- 
tures of vascular endothelial ells and pericytes." 
Furthermore, vascular cndothL'lial cells have tissue 
plasminogen activator activitv. ' and latent TGF-^ is 
converted to an active form bs pla min.^' Most malig- 
nant cells are rich in blood \cs:-ol >. so conversion of 
TGF-y? from a latent to an j iivc form may occur 



around the vascular endothelial cells through which 
lymphocytes migrate into tumor tissue. Therefore, la- 
tent TGF-/? secreted by tumor cells may be converted 
to an active form by the tumor cells themselves and 
by the vascular endotheHal cell-pericyte complex, 
resulting in a combination of poor conditions under 
which activated lymphocytes infiltrating into tumor 
tissue must attack tumor cells. 

In conclusion, tumor cells which mostly secrete a 
high level of TGF-^ and can convert TGF-/? from a 
latent to an active form may inhibit the secretion of 
cytotoxic cytokines (TNF-a, TNF-A> and IFN-y) by 
activated lymphocytes even after tumor cell stimula- 
tion. In addition, TGF-^ secreted by tumor cells may 
suppress the propagation of the immune reaction by 
inhibiting the secretion of the cytokines by activated 
lymphocytes infiltrated into tumor tissue. Methods 
to downregulate TGF-/? secretion from malignant 
glioma cells are potentially an effective treatment 
modality for patients with malignant tumors. Cur- 
rently, the therapeutic reduction of TGF-/? activity is 
the focus of study in cancer patients,'' and further 
studies to elucidate the mechanism of regulation of 
TGF-y5 secretion and activation by malignant tumor 
cells are needed. 
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Commentary 

Dr. Naganuma and colleagues present a well con- 
structed experimental study investigating the pivotal 
role of cytokines in the development and spread of 
glioblastomas. The hypothesis tested in this work is 
that glioblastoma cells produce an active form of 
TCF-^ which plays a major role in the immunosup- 
pression seen in patients with glioblastoma. Specifi- 



cally, this research shows that the active TCF-^ 
secreted by T98G glioblastoma cells is capable of in- 
hibiting intcrferon-y release from stimulated LAK 
cells. )n addition to providing a scientific basis for 
the observed lack of clinical effect of LAK cell ther- 
apy in patients with glioblastoma, this study may 
serve as a stimulus for enhancement of cytotoxic 
cytokine mediated treatment by blocking the effects 
of TGF-^. This type of hypothesis-driven methodical 
research may ultimately provide the key to effective 
therapy for malignant glioma. 

Edward R. Uws, Jr., M.D., F.A.C.S. 
Department of Neurosurgery 
Llniversity of Virginia Health Sciences Center 

Virginia, LI.S.A. 

The authors have shown that transforming growth 
factor (TCF)-)S secreted by glioma cells inhibited in- 
terferon (IFN)-}' secretion by lymphokine activated 
killer (LAK) cells. This finding is very interesting tor 
the practice of clinical LAK therapy, providing evi- 
dence that TCF-)? secretion by glioma cells can in- 
hibit the antitumor effect of LAK cells. The response 
of gliomas to clinical LAK therapy is variable and it is 
quite difficult to predict the sensitivity of each tumor 
to LAK therapy. We would like to know how many 
gliomas secreted higher levels of TCF-)5 or how high 
the TCF-^ level was. 

Ryuichi Tanaka, M.D. 
Department of Neurosurgery 
Brain Research Institute 
Niigata University 
Niigata, Japan 
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Summary 

The capacity of three different human glioblastoma cell lines to activate human T cells was analysed by 
measuring major histocompatibility complex (MHO antigen expression, monokine secretion and lectin, mAb OKT3 
and antigen-driven T cell proliferation. All glioblastoma cells tested were able to induce PHA and concanavalin A 
(ConA)-driven T cell proliferation in a dose-dependent fashion, while all failed to induce T cell activation with mAb 
OKB In addition, the glioblastoma cell line 86HG39 was able to induce tetanus toxoid and toxoplasma lysate 
antigen-specific T cell proliferation. The responding T cell lines origmated from only one out of five different 
donors This foreign antigen-specific T cell proliferation induced by 86HG39 cells could be inhibited with mAb L243 
directed against HLA-DR molecules. The study of monokine secretion by 86HG39 cells showed a strong interlcukm 
nL)-6 secretion after lipopolysaccharidc (LPS) treatment, whilst no IL-1 secretion was observed. Furthermore, only 
86HG39 cells were positive for HLA-DR molecules, whereas interferon {IFN)y treatment of 87HG28 and 87HG31 
cells was necessary for the induction of class 11 antigen expression. Thus, cell line 86HG39 shows many features of 
an antigen presenting cell and the interaction of these cells with MHC compatible human T cells might be a usctul 
model to study cellular immune reactions within the central nervous sy^;tem. 



Introduction 

The initiation of cellular immune reactions within 
the central nervous system (CNS) is strictly controlled 
by the blood-brain barrier which consists of endothe- 
lial cells and astrocytes. Furthermore, only few cells 
expressing major histocompatibility complex (MHC) 
class 11 antigens are found within the normal brain 
parenchyma (Fontana et al., 1987). Intlammatory reac- 
tit>ns within the CNS, however, lead to an at least 
partial destruction of the blood-hrain harrier, and the 
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amount of class II antigen-positive cells increased and 
large amounts of c7tokines, for example interieukin 
(iL)-l, lL-6 and TNF, could be found within the cere 
brospinal fluid (Waage et al., 1989). 

Within the CNS, two types of accessory cells exist 
that arc capable of antigen presentation: microglial 
cells and astrocytes. Microglial cells arc possibly 
blood-derived cells, expressing Mac-1 in a similar fash- 
ion as peripheral accessory cells (Giulian, 1987) In 
contrast, astrocytes express glial fibrillary acidic prntcin 
(GFAP) and arc of neuroepithelial origin. Astrocytes 
are also capable of functioning as accessory cells. 1 or 
example it has been described that y-interferon (H Nv ) 
leads to an induction of class II MHC antigen cxpics- 
sion on astr(HNtes (Wong et al., 1984). In additti-n it 
was shown i!mi murine IFNy-treated astrocytes ac;^ 
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able to present antigen to MHC-restricted preactivated 
T cells (Ficrz et al., !985). More recently, human 
astrocytes have been shown to present foreign antigen 
to class 1- and class H-restricted human cytotoxic T 
cells (Dhib-Jalbut ct al., 1990). 

Human brain cells for the study of cellular immune 
reactions arc difficult to obtain. Most of our knowledge 
about brain accessory cells has been derived from 
murine or rat model systems or obtained by the use of 
human brain tumor cells. Human glioblastoma cells 
have been shown to express many features of accessory 
cells, for example monokine secretion <IL-1, IL-6, TOF) 
and IFNy-responsible class II antigen expression 
(Takiguchi et a!., 1985). Also, the presentation of anti- 
gen to human cytotoxic T cells resulting in a MHC:-re- 
stricted induction of cytotoxic effector function was 
described (Dhib-Jalbut et al., 1990). Furthermore, 
glioblastoma cells were responsible for regulatory sig- 
nals provided by the monokines lL-1 and TNF (Uich- 
man et a!., 1987; Nishida et al., 1989). To our knowl- 
edge, no data are available on whether glioblastoma 
cells could activate human T cells in a foreign antigen- 
specific MHC-restricted fashion. 

We investigated the antigen-presenting capacity ot 
three recently described glioblastoma cell lines, 
86HG39, 87HG28 and 27HG31. These three glioblas- 
tomas expressed GFAP in early in vitro passages within 
50% of cells, and only 86HG39 cells partially expressed 
GFAP also after 100 in vitro passages, suggesting their 
glial origin (Bilzer et al., 1991). The aim of this study 
was the characterization of accessory cell functions of 
glioblastoma cells, involving class 11 antigen expression 
and regulation, IL-6 and IL-1 production and the ca- 
pacity to provide co-stimulatory signals necessar>' for 
human T cell proliferation. 



Materials and Methods 

Chemicals and antibodies 

Tetanus toxoid (TT) was purchased from Behriiig- 
werke AG, Marburg, Germany (purity 1490 Lf/mgN). 
Toxoplasma gondii strain BK was a kind gift of Drs. 
RM. Seitz and M. Saathoff (Inst, fur Med. Parasitolo- 
gic, Bonn, Germany). Tachyzoites were maintained in 
vitro within L92^^ fibroblasts, purified from cell debris 
by subsequent washes, and used for antigen prepara- 
tion. Toxoplasma antigen from freeze-killed tachy 
zoites was prepared as described (Hughes and Balfour. 
1981). 

Concanavalin A (ConA) was purchased from Phar 
macia, Uppsala, Sweden, and phytohemagglutinin A 
(PHA) and mttomvcin C were obtained from Sigma. 
Dcisenhofen, ClLrmany. Iscove's modified DuIbecco\ 
medium (IMf:iM. ( nhco, Grand Island, NY) was sup 
plemented with ' niM L-glutamine and 5% heat m 



activated FCS (56°C, 30 min), and was used as culture 
medium (CM) for all cell lines. 

The hybridomas OKTll (anti CD2), OKT3 (anti 
CD3), 0KT4 (anti CD4), 0KT8 (anti CD8), L243 (anti 
HLA-DR) and W6/32 (anti-HLA class I antigen) were 
all obtained from the 'American Type Culture Collec- 
tion (ATCC, Rockviile, MA) M\ antibodies were used 
as ascites diluted 1 : 500-1 : 3000 

Human rlL-l and human rIFNy was purchased 
from Genzyme, Cambridge. MA, Human rIL6 was 
from Pharma Biotech nologie (PBH, Hannover, Ger- 
many). Human rlL-2, used for T cell expansion in 
doses between 1-5 ng/ml, was a generous gift of Dr. 
L. Kaiser, HuroCetus, Frankfurt /M, Germany. 

Human glioblastoma cell lines 

Glioblastoma cell lines 86HG39, 87HG31 and 
87HG28, which were recently described by means of 
immunocytochemieal and morphological criteria, were 
obtained from Drs. T. Bilzer and W. Wechsler (Institut 
fiir Neuropathologie, Heinrich-Hcine-Univcrsitat, Diis- 
seldorf, Germany) (Bilzer ct al., 1991). Cells were 
grown in CM in tissue culture flasks (Costar, Cam- 
bridge, MA) and divided weekly in ratios between 1 :2 
and 1 : 10 depending on the proliferation rate. In this 
study, cells between 70 and 150 in vitro passages were 
used. A culture lime of moie than 500 days excludes 
contaminating macrophages and microglia cells be- 
cause they do not survive in culture medium. To sim- 
plify harvesting of glioblastomas, the cells were de- 
tatched with trypsin/EDTA and viability was tested by 
trypan blue exclusion after harvesting. 

Establishment of human T cell lines 

T cell lines were established as previously described 
(Diiubener et al., 1987). In brief, PBMC obtained from 
five different donors by density gradient centrifugation 
on Ficoll-Hypaquc (Pharmacia, Uppsala, Sweden) were 
stimulated with tetanus toxoid (IT, 3 fig/m\) or toxo- 
plasma lysate antigen (TLA. 5 /ug/ml). After 7-10 
days culturing in vitro, cells were harvested and rcstim- 
ulated with antigen on irradiated (3000r) syngeneic 
EBV-transformed B cells and later on expanded by the 
addition of IL-2. In the case of cell lines from donor 
Hg, restimulation of cells was also done on mitomycin- 
treated 86HG39 cells and Tl in parallel. Mitomycin 
treatment was done by mcubytion for 1 h of 3-10 X 10'' 
86HG39 cells within I ml C M containing 50 fxg mito- 
mycin. Restimulation of estate ishcd lines was done 
every 8-14 days. In this research, T cells were used 
after a minimum of 1 momd m vitro culture, and 
antigen specificity was controiU in every restimulation 
period. It was found that, independent of the type of 
accessory cell, TT-specific 1 .xll Imes did not respond 
to TLA and TLA-specific I llI's did not respond to 
TI'. All cell lines used were . I cd monthly to be free 
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of mycoplasma contamination by the cultivation method 
described earlier (Schmitt el at., 1988). 

f cell proliferation assay 

Antigen-specific T cells (0.5 X 10^) were co-cultured 
jxi %-well flat-bottom culture plates (Costar, Cam- 
bridge, MA) with mitomycin-treated glioblastoma cells 
(2 X 10^-0.2 X 10^) and either TT (3 ^z/m\\ TLA (5 
;xg/ml), PHA (0.5 Aig/ml) or ConA (0.5 fig/m\) were 
added. For blocking experiments with mAbs, the anti- 
bodies were added to the glioblastoma cells as 1 : 500 
diluted ascites 30 min prior to the addition of T cells 
and antigen. After 72 h incubation at 37^ the cultures 
were pulsed with 0.15 fiCi of [^Hjthymidine (Amcrsham 
Buchler, Braunschweig, Germany) for 14-18 h and 
then processed for liquid scintillation counting. Results 
are expressed as mean cpm of triplicate or quadrupli- 
cate cultures ± SE. Each experiment shown is repre- 
sentative of minimally three similar experiments. 

B9 bioassay for IL-6 

2X 10^ glioblastoma cells were treated in 24-well 
culture plates (Costar, Cambridge, MA) for 24 h with 
different amounts of lipopolysaccharide (LPS) (Sigma, 
Deisenhofen, Germany) and the supernatant was re- 
moved and added in three-fold dilutions to 2.5 x 10^ 
B9 cells. The proliferation of B9 cells was monitored 
by [■''H]thymidine uptake after 48-72 h culture in vitro. 
In each experiment, rIL-6 was used as positive control; 
one unit of IL-6 giving rise to half maximal prolifera- 
tion. The B9 bioassay is described to be specific for 
lL-6 and no cross-reactions with other cytokines, espe- 
cially IL-1, are known (Helle et al., 1988). B9 cells in 
our laboratory were maintained in CM containing 1% 
of supernatant of LPS-stimuIatcd PBMC. 

EL-4/CTLL bioassay for IL-1 

The EL-4/CTLL bioassay for lL-1 was done as 
described (Gearing et al., 1987). EL 4 cells expanded 
in CM, and CTLL cells in CM with 5 ng/ml rlL-2 were 
harvested and extensively washed prior to use in the 
bioassay. LPS-induced supernatants of glioblastoma 
cells were titrated in three-fold dilution, added to 
3 X 10'* EL-4 cells in a total volume of 200 ^1 culture 
medium and incubated for 24 h at 37°C. Then the 
culture supernatant was harvested and added to 2 X lO-* 
CTLL cells and again incubated for 48 h. The cultures 
were pulsed with [^Hjthymidine tor the final 16 h. All 
cytokine tests were done in trifilicate, and rlL-l was 
used as positive control. One unii of IL-1 gives rise to 
half maximal [^Hjthymidinc upt.ike 

HLA-antigen expression 

5 X 10^ glioblastoma cells v^crc treated with mAbs 
L243 or W6/32 used as 1 : 1(M»<' iltluted ascites for 30 



min. After extensive washing, a FITC-Iabcllcd F(ab')2 
fragment of goat anti-mouse Ig (Dianova, Hannover, 
Germany) was added for 30 min. After three washing 
steps, ceils were analysed with a FACScan (Bccton 
Dickinson, Mountain View, CA). For each histogram, 
1 X lO"* cells were couoted. As a negative control, cells 
were stamcd with only the second step reagent. 

Detenninaiion of HLi-phenotypes 

A two-colour microcytotoxicity assay was employed 
for HLA class I and II serotyping as follows: mononu- 
clear cell suspensions, Ficoll separated from blood, and 
cell lines from tissue culture were incubated with a 
panel of well-defined HLA sera encompassing the 
whole range of known alleles. After addition of fresh 
rabbit scrum as a source of complement, ethidium 
bromide stained classified dead cells by red fluores- 
cence, whilst living cells were identified by carboxyfluo- 
rescine diacetate as green cells. 

HLA phenotyping was done by Dr. G. Kdgler, Insti- 
tut fiir Blutgcrinnungswcscn und Transfusionsmedizin, 
Hcinrich-Heine-Universitat Diisseldorf, Germany. 



Results 

MHC-anti}ien expression by glioblastoma cells 

Antigen-presenting cells are defined by their capac- 
ity to express MHC class II antigens and to produce 
cytokines involved in T cell activation (Unanue, 1984). 
In order to investigate the accessory cell caj)acity of 
human glioblastomas, we first analysed the class I and 
class n antigen expression of the glioblastoma cell lines 
86HG39, 87HG28 and 87HG31. The cells were incu- 
bated with mAb L243 against human class II 
monomorphic determinants or mAb W6/32 against 
human class I monomorphic antigens. After detection 
of antibodies by a goat anti-mouse FlTC-iabelled anti- 
body, cells were analysed with FACScan flow cytome- 
try. 

Cell lines 87HG28 and 87HG31 expressed class I 
antigens (data not shown) but no class 11 antigens by 
flow cytometry. In contrast, 86HG39 cells wcfl positive 
for both MHC antigens. Treatment of glioblastoma 
cells 87HG28 and 87HG31 with 100 U/ml tl Ny for 48 
h led to a strong induction of class II antigen expres- 
sion and virtually all cells became positive. Lntreated 
86HG39 cells were positive for class II antigens and 
IFNr treatment led to an slightly enhanced HI.A-DR 
expression, as shown in Fig. 1. 

lL-6 and IL.-l production by human glioblasionui cells 

Major monokines involved in T cell acti\;itit)n are 
IL-1 and IL^6. Thus, investigation of IL'6 production 
of 86HG3^). 87HG28 and 87HG31 was pertuir icd after 
cultiv;iti(in of the cells for 24 h with O.dl z^g/ml 
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LPS. Cell supernatant, measured by B9 assay, revealed 
that all glioblastomas tested were able to produce IL-6. 
Whilst 87HG28 and 87HG31 cells were found to se- 
crete IL-6 spontaneously, 86HG39 cells produced IL-6 
only after LPS treatment. Figure 2A shows data ob- 
tained with K6HG39 cells stimulated with 1 fig/m\ 
LPS. 

In contrast, the three glioblastomas did not secrete 
detectable amounts of IL-1 even after treatment with 
10 /ig/ml LPS. The supernatant of PBMC cells culti- 
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Fig. i. Glioblastoma cells (B) or IFN-)'-treated glioblastoma is (C) 
were harvested \*a>hed and incubated with 1:3000 diluted ascites 
containing mAh 1 243 directed against HLA-DR antigens. Biiuiin>; of 
mAbs was dcU Lti d by a FlTC-conjugated goat anti-mouse Hah), 
fragment (1 "-"i in rhe control (A) background staining of g::..Mas- 
toma cells ireated with the second step reagent s;n*wn. 
Samples -Atrr n- iKscd with FACScan flow cytometry and : .[ . uh 
: .tv>er;im 1 - ID* cells were counted, 
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Fig. 2. A. 2X 10^ 86HG39 cells were treated with 1 ng/ml LPS and 
supernatant was removed after 24 h and added in three-fold dilu- 
tions to 3X10' B9 cells {lL-6-indicator cells). B9 proliferation was 
measured by ('H]thymidine uptake and data are given as mean 
cpm±SD of triplicate cultures B. 2 < in^ 86HG39 cells were treated 
with 10 tLg/m\ LPS and the supernatant was removed after 24 h and 
added in three-fold dilutions to the lL-1 indicator cell EL-4. Again 
after 24 h, supernatant was harvested and added to 2x10-^ CTLL 
cells. Proliferation was measured by I-'Hjthymidine uptake (Triangle). 
As positive control rhu IL-1 (M) U/ml) was added to the glioblas 
toma supernatant (Star) or diluted m culture medium (Square) and 
analysed as described alxjve. 

vated under the same conditions, used as a control, 
contained large amounts of IL-1. The EL-4/CTLL 
assay used for the detection of IL-1 is finally depen- 
dent on the IL-2 driven proliferation of CTLL cells 
(Gearing et al., 1987). Since it was described that 
several glioblastoma cells produce a factor which block.s 
lL-2-driven proliferation (l ontana et al., 1984), we 
investigated whether the failure of IL-1 detection was 
due to the action of this htctor. Therefore rhu IL-1 was 
diluted with the supernatant of ghoblastomas. As shown 
in Fig. 2B, IL-1 was detected in the supernatant of 
86HG39 cells stimulated v^ith 10 Ag/ml LPS as well as 
in the control, indicating that no suppressive factor for 
IL-2-driven CTLL prdlilcrjtion was produced by 
86HG39 cells. 
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Fig. 3. I X lO"" milumycin-treatod 86HG39 cells were co-cultured with tetanias Eoxoid-spccific T cells from three different donors and stimulated 
with either tetanus toxoid (TT) or concanavalin A (ConA). T cell pruliferatum was monitored by { 'Hllhymidine uptake ± SD of quadruplicate 

cultures. 
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Antigen-presenting cell function of human glioblastomas 
The entire accessory cell capacity could be tneas- 
ured by the ability of cells to provide co-stimulatory 
signals in lectin-driven T cell activation. We therefore 
co-cultivated the glioblastoma cells together with PHA 
and T cell lines from five different donors. In these 
experiments, all three glioblastomas tested were able 
to induce T cell proliferation. Similar data were ob- 
tained with ConA. Representative data obtained with 
86HG39 cells are shown in Fig. 3. In contrast to the 
results obtained by lectin stimulation, co-cultivation of 
glioblastomas and T cells with the mitogenic mAb 
0KT3 did not result in T cell activation. Carried out as 
a control experiment, PBMC used as accessory ceils in 
parallel induced a strong mAb 0KT3-driven T cell 
activation (data not shown). 

In the next series of experiments, the three glioblas- 
toma cells with and without IFNy treatment were 
tested for their capacity to induce 'IT-specific T cell 
proliferation within cell lines obtained from five differ- 
ent donors. 87HG28 and 87HG31 cells were not able 
to induce TT-driven 1 cell proliferation within the 
different cell lines, even after IFNy treatment (data 
not shown). In contrast. -S6HG39 cells were able to 
induce a TT-specific T eel! response when co-culturcd 
with cells from donor Hg. while no activation of T cells 
from donor Wa, Vo, Th and Hp occurred. Data of a 
typical experiment with SMin.'^Q cells are shown in Fig. 
3, The TT-driven activation of T cells from donor Hg 
Ijy 86HG39 cells is dcpt fivlcnt on the amount of TT 
and the number of mu i cells used as AFC (Fig. 4). 
Jn order to prove this I .11 response to be really due 
to specific antigen picNc r inon by 86HG39 cells and 
Hot to contaminating atLe^vorv cells within the T cell 



line. 86HCj39 cells were treated with 3 fi$/n\\ IT for 
24 h. These TT-pulsed cells were effective in the 
stimulation of T cells from donor Hg, while untreated 
86HG39 cells used as control were not. The addition of 
rr to both cell types after the addition of T cells 
resulted in a comparable T cell stimulation (Fig. 5). 

1 0 prove whether the capacity of 86HG39 cells to 
activate 1 cells in an anligen-specific fashion is re- 
stricted to 7T-specific T cells from donor Hg, several 
I'LA-specific T cell lines from this donor were estab- 
lished. The co-cultivation of these cell lines with 
86HG39 cells and TLA also resulted in a strong T cell 
activation (Fig. 6). 

Next, we investigated whether this response is MHC 
antigen-dependent. FACS analyses of TV- and TLA- 
specific T cell lines from donor Hg revealed that these 
cells were CD2^, CD3^, CD4* and ( D8^ and were 
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a6riG39 ceils 

Fig 5. 2x lO** 86HG39 cells (open columns) or tetanus toxoid-pre- 
treated 86HG39. cells (closed columns) were added lo tetanus tox- 
oid-spccific r cells from donor Hg with or without tetanus toxoid 
(TT). 1 cell proliferation is given as mean [ 'll]lhymidine uptake ± SD 
of quadruplicate cultures. 

therefore class II antigen-restricted. mAb L243, known 
to inhibit HLA-DR-dependent T ceil proliferation, was 
jidded to 86HG39 cells co-cultured with TLA and 
I LA-specific T cells. In this case, T cell proliferation 
was blocked (Fig. 6). Control mAb W6/32, directed 
against HLA class I antigens, did not alter T cell 
proliferation. 

In order to clarify whether this inhibition was caused 
by interaction of antibody with 86HG39 cells rather 
than with the activated T cells, which were also class II 
antigen-positive, we carried out experiments as shown 
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Fig. 6. 1 X 10'' mitomycin treated 86HG39 cells were co-cuttured with 
Toxoplasma lysaic antigen-specific T cells from donor Hg (T) and 
TLA. mAbs 1,243 ;inJ Wh/32 were added as 1 :5(K1 diluted ascites. T 
cell proliferation is shown as mean cpm [^Hjthymidine uptake ±SD 
of triplicate cultures. 

in Fig. 7: 86HG39 cells were co-cultivated with TI - 
specific T cells from donor Hg and TT or PHA were 
added. In this experiment, mAb L243 was able to block 
the TT-driven T ceil proliferation, while the PHA- 
driven proliferation, which was independent on APC 
class II antigen expression, was not altered. Further- 
more, the IL-2-driven proliferation of the T cells from 
donor Hg was not influenced by mAb L243, indicating 
that the mAb had no suppressive effect on the class 11 
antigen-positive T cells (Fig. 7). 

These data led to the conclusion that 86HG39 cells 
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share at least one class 1! antigen with cells from donor 
Hg. The determination of HLA class II phenotypc of 
86HG39 cells and cells from donor A showed similarity 
vvithin the HLA DQ region: both cell types were posi- 
tive for DQ^3,. Of the HLA-DR antigens, DRw52 was 
found on both cell types. DRwll expressed on K6HG39 
cells and DRwl3 expressed on cells of donor Hg shared 
eight common amino acids within the antigen-present- 
ing region. 



Discussion 

T cell recognition of antigen on antigen-presenting 
cells requires expression of HLA molecules in their 
function as restriction elements. The induction of T 
cell proliferation is furthermore dependent on cell-ccM 
signalling by cytokines like IL-1, IL-6, TNF and IFNy 
(Vink et al., 1990). In this study, human T cell lines 
directed againsl Tl or TLA were used and all cells 
were CD4-positive. The restriction elements for CD4- 
positive T cells arc the HLA-class II antigens on the 
accessory cells. 

Glioblastoma 86HG39 was derived from a recurrent 
glioblastoma and was found to be positive for GFAP, 
suggesting an astrocytic origin of this cell line. The 
consistent class II antigen expression on 86HG39 cells 
found is not like most human adult astrocytes, which 
are class II antigen-negative. For normal astrocytes, 
JFNy treatment is necessary for class II antigen in 
vitro expression, or in vivo astrocytes become HLA- 
DR-positivc at sites of inflammation. Most of the es- 
tablished glioblastoma cells showed the same behavior 
of HLA-DR expression as normal astrocytes. The 
glioblastoma cells S7HG28 and 87HG31 used by us 
were class II antigen-negative, and IFNy was able to 
mduce a remarkable HLA-DR antigen expression. 
However, the consistent HLA-DR expression by 
86HG39 cells is not unique, because a few other astro- 
cytomas were also described to be HLA-DR-positivc 
(Carrel et al., 1982) 

While antigen recognition by T cells is sufficient for 
the initiation of the cytolytic effector function, the 
induction of T cell proliferation is dependent on addi- 
tional signals, for example cytokine release. lL-6 and 
IL-1 secretion by glioblastoma cells, two main 
monokines involvLHl m 1" cell activation, was deter 
mined. The data f>resented here show that 86HG39 
cells, contrao' to S"HG28 and 87HG31 cells, did not 
produce IL-6 spi)niancously, while LPS treatment of 
these cells resulted iii a strong induction of lL-6 secre- 
tion. On the other h ind, even high doses of LPS (up lo 
10 yug/ml) did imi nuliicc IL-I secretion in any of the 
glioblastoma cell iifu ^ tested. Additionally, these cclN 
Were also found t:. negative for membrane-bountl 
JL-1, assayed b\ n ' - uitiviition of the IL-1 indicator ccli 



directly with LPS-treated glioblastoma ceils. The lack 
of IL-1 detection within the Hl.-4/Ci LI. bioassay was 
not due to a suppressor factor produced by 86HG39 
cells, since IL-1 was detected in the glioblastoma su- 
pernatant as well as in culture medium Our lym- 
phokine tests were performed in ( iilture medium con- 
taining 5% FCS. The effect of a giiohlastoma-derived 
suppressor factor/TGF/32 in contrast had been ob- 
served under serum-free conditions (SiepI ct al., 1988). 
Those different culture conditions may explain the 
absence of negative signals in our glioblastoma super- 
natants. However, this finding is in agreement with a 
previous study of glioblastoma cell line T24 which also 
failed to produce IL-1 after LPS treatment (Lee et al., 
1989). 

The capacity of glioblastoma cells to induce T cell 
proliferation was analysed in different steps. In the 
first set of experiments we found that the glioblastoma 
cell lines 86HG39, 37HG28 and 87HG3I were able to 
mduce PHA- and ConA-driven T cell proliferation. In 
these experiments, T cell lines from at least five differ- 
ent donors were stimulated comparatively. Interest- 
ingly, only cell lines from one single donor could be 
activated by foreign antigen presented by 86HG39 cells. 
Similar data were obtained with IT and TLA-specific 
T cells from this donor. This antigen-specitic response 
was shown to be dependent on the number of glioblas- 
toma cells present in the experiment, as well as on the 
amount of antigen added. l urthcrmore, we showed 
that pulse treatment of 86HG39 cells with antigen was 
sufficient for T cell activation, indicating that the anti- 
gen was actually presented by the glioblastoma. The 
antigen-specific T cell response, as shown by the in- 
hibitory effect of mAb L243, was dependent on HLA- 
DR antigen expression by glioblastoma 86HG39. 

TT is a relatively large antigen with a value of 
160000, and therefore it must be processed before it 
can be presented to T cells associated with HLA-DR 
molecules. The human GFAP-posilive glioblastoma cell 
lines T67 and T70 were recently shown to be able to 
present soluble antigen on their surface, a process 
which is blocked by chloroquinc which inhibits antigen 
processing by increasing the pH within lysosomes (Cus- 
simano et al., 1990). Our data suggest that 86HG39 
cells are also able to process antigen, but it cannot be 
excluded that small amounts of 'vmal! peptides contam- 
inating the TT preparation, or which were generated 
from the intact antigen wtthtn the culture time by 
degradation processes, associated directly with HLA- 
DR molecules. In the case that no processing occurs, 
the same mechanism has to be .assumed in the activa- 
tion of toxoplasma lysate antigen-specific T cells by 
ILA. 

Analysing the HLA-class M phenotypc of 86HG39 
eells and cells from donor \W. :he following homolo- 
gies were found. Within the HI A 00 region, DQ^y is 
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Similarly expressed on both cell types. This homology is 
not responsible for the described T cell activation, 
because mAb L243 directed against HLA-DR antigens 
completely blocks T cell proliferation. Within HLA-DR 
there are two identical restriction elements, namely 
DRw52 and eight amino acids within the antigen-pre- 
senting region shared by DRwl 1 and DRwl3. The fact 
that, despite differences in HLA phenotype, a HLA- 
dependent foreign antigen-specific interaction between 
these cells takes place is most likely explained by the 
reaction of only certain subclones of T cells within the 
cell Imes of donor Hg which were restricted to HLA- 
DR antigens or regions of such molecules shared by 
both cell types. This point of view is further supported 
by the finding that T cells from donor Hg, which were 
maintained after primary stimulation with only 86HG39 
cells, TT and IL-2 for more than 6 months retained the 
ability to interact with 86HG39 cells as well as with 
EBV-transformed B cells from the same donor. On the 
other hand, one of the T cell lines from donor Hg 
frequently restimulated with syngeneic EBV-trans- 
tormed B cells for more than 7 months had lost its 
ability to interact with 86HG39 ceils. This lack of 
reactivity is explained by selection processes taking 
place within T cell lines by long-term cultures, result- 
ing in the loss of some subclones. At the moment we 
arc trying to find out whether frequent restimulation of 
T cells on accessory cells which share some or only one 
common HLA-DR antigen might be useful to obtain T 
cells restricted to different HLA molecules but specific 
for the same foreign antigen. 

In summary, this report describes a foreign antigen- 
specific interaction between human brain tumor cells 
and T cells and hereby it is proposed that this interac- 
tion might be used as a model system to study cellular 
immune reactions within the CNS 
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Patients with glioblastoma show impaired cell-mediated immunity as manifested by 
cutaneous anergy to a variety of antigens and a decrease in T-cell blastogenic re- 
sponsiveness in vitro. ''^ In addition, T cells infiltrating glioblastoma tissue are unre- 
sponsive to mitogenic stimulation." In tumor cyst fluid of patients with glioblastoma' 
and in the patients' serum, nondialyzable factors that inhibit lymphocyte proliferation 
can be detected before but not after tumor removal.' 

Recently, we demonstrated that human glioblastoma cell line 308 releases a factor 
into the culture medium— termed "glioblastoma-derived T-cell suppressor factor" (G- 
TsF)— that inhibits T-cell proliferation in vitro!" Purified to homogeneity the factor 
was identified as a protein with a molecular weight of 12.5 kd. Aminoterminal sequence 



TABLE 1. N-Terminal 25 Amino Acids of Human G-TsP 



h.G-TsF 
b.CIF-B 
h.TGFy32 
h.TGF/31 



1 10 20 

ALDAAYCFRNV QDNCCLRPL YIDFK 

1 10 20 

ALDAAYCFRNV QDNCCLRPL YIDFK 

1 10 20 

ALDAAYCFRNV QDNXCLRPL YIDFK 
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" The data of the N-terminal amino acid sequence of human G-TsF are compared to the 
sequences of bovine CIF-B*, human TGF^,,* and TGE^j.'** 
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TABLE 2. G-TsF-Mediated Inhibition of Antigen and IL-2-Induce d Growth of T Cells 

Additions 

^ . ~~Z T-Cell Proliferation 
<^"'tures G-TsF Control (cpm ± SD) 



Experiment /* 
OVA-7 T 

+ OVA 



705 ± 11.4 

599 ± 9.1 

+ ~ + 72.260 ± 4,905.2 

+ - 25,827 ± 1,314,9 

279 ± 38 

nvZirlu't ~ 215,015 ± 7,298 

OVA-7 T + IL-2 + - 16.831 ± 1,571 



Experiment IP 
OVA-7 T 
OVA-7 T + IL-2 



Expenment I OVA-7 T cells (H-2^ 2 >; 10^ were cultured in 200 ^1 of serum-free Iscove's 
medium cornp ete (Behring), supplemented with 2-mercaptoethanol (0.05 mM) and I-glutamine 
(0.3 mg/ml), for 72 hours m the presence of antigen (ovalbumin [OVA], 2.3 uM) and irradiated 
ant.gen-presentmg cells (APC: 1 x 10' thymocytes, H-2^). Purified G-TsF was added a a 
concentration of 4 < lO-'M; the G-TsF control consisted of 0.1% TFA in 2-propanol (25% 
v/v) used for elution of G-TsF from the final Pro-RPC column 

IT iT^n iT/'//- '!'u'"'' If^'iV j"''^ »he presence of 

lL-2 (50 U/ml) with punfied G-TsF at a concentration of 1.6 « 10-"M 
Fourteen hours before harvest, 1 ^Ci 'H-thymidine per well was added. 



analysis of G-TsF demonstrated that 15 of 25 amino acids are identical to human 
transforming growth factor-;3 (TGFP)' Identical sequences have been obtained in- 
dependently for bone-derived bovine cartilage-inducing factor B (CIF-B)' and TG- 
^2 being purified from human platelets '° (Table 1). When tested at a concentration 

u r^w.^.i" ^ "^"^"'P^' ^^^^-^ T), punfied G-TsF inhibited the 

growth ot OVA-? T cells bemg activated with antigen and in the presence of thymocytes 
as antigen-presenting cells (Table 2, Experiment I). In addition, G-TsF was found 
to directly mterfere with the growth-promoting effect of mterleukin-2 on OVA-7 T 
cells (Table 2, Experiment II). 

If released in vivo, G-TsF may contribute to impaired. immunosurveillance and to 
the cellular immunodeficiency state detected in patients with glioblastoma. 
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Malignant Glioma-Derived Soluble Factors Regulate Proliferation of 
Normal Adult Human Astrocytes 

William T. Couldwell, M.D., Ph.D., Garnet Fraser, Genvieve De Velus. B.Sc., 
jACic P. AimL, M.D., Jean-Guy Villemure, M.D., and Voon Wee Yong, Ph.D. 

Abstract Malignant gliomas are characteristically surrounded by marked gliosis. To asess whether glioma-derived products 
contribute to the proliferation of astrocytes, a feature of the gliosis response, we evaluated the influence of culture supcmatants 
from malignant human glioma lines and tumor cyst fluids collected from two patients with glioblastoma multiforme on the 
proliferation of non-transformed adult human astrocytes. Both the culture supematanls and cyst fluids significantly mcreased 
DNA synthesis in astrocytes as assessed by a double immunofluorescence glial fibrillary acidic protein-bromodeoxyundme 
technique. The net proliferative eflect mediated by glioma cell line supcmatants was tumor growth phase-dependent, being 
preferentially expressed during the logarithmic phase of glioma cell growth. Specific growth factor molecules and cytokines 
known to be secreted by gliomas (epidermal growth factor, fibroblast growth factor, platetei-dcrived growth factor, transforming 
growth factor-^, intcrlcukin-6. and tumor neaosis facior-a) could not reproduce the milogcnic cflccls of the glioma-derived 
soluble factors. Cytokines which can induce DNA synthesis by adult human astrocytes in vitro, gamma-interferon and 
inierleukin-1, were not detected in the culture supernatant of glioma lines used in this study. In conjunction with the 
documented effects of glioma products on endothelial and lymphoid cells, the current study suggests that soluble glioma 
products can contribute to the production of surrounding gliosis observed in vivo. 

Key Words; Astrocyte; Glioma; Gliosis; Proliferation; Soluble factors. 



INTRODUCTION 

Reactive gliosis, where astrocytes undergo hypertrophy 
and proliferation, is a pathologic feature of tissue that 
surrounds malignant brain tumors (1-4). In many cases 
the glial reaction forms a pseudocapsule that facilitates 
surgical removal of the tumor; in other insunces, the 
periphery of the neoplasm is difficult to distinguish from 
reactive glial proliferation (3, 4). The cause of the reactive 
gliosis has been attributed to the "irritative" effect of an 
invasive tumor on the surrounding brain tissue. However, 
since gliomas themselves can secrete a range of soluble 
molecules (5-1 6), the potential role of these products also 
needs to be considered. Among growth factor molecules 
known to be produced by gliomas, epidermal growth fac- 
tor (EGF), acidic or basic fibroblast growth factor (aFGF 
and bFGF, respectively) and platelet-derived growth fac- 
tor (PDGF) have been shown to promote proliferation of 
neonatal rodent or fetal human astrocytes in vitro (17- 
22). 

Although patients with malignant gliomas exhibit a 
profound decrease in systemic immunity (10, 23-26), gli- 
oma cells in vitro have the capability to synthesize cy- 
tokines such as transforming growth factor-|8 (TGF-0), 
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tumor necrosis factor (TNF), interleukin (IL)-l and IL-6 
(10, II, 14-16). These cytokines, if locally released by 
gliomas, may play a role in mediating the reactive gliosis 
observed around brain tumors in vivo, especially in view 
of reports that IL-1 (27-29), IL-6 (30) and TNF-a (30, 
3 1) are mitogens for astrocytes in vitro. We have recently 
reported that gamma-interferon (7-IFN) induces prolif- 
eration of cultuied non-malignant adult human astrocytes 
(32). 

The present study was undertaken to«xamine the over- 
all effect of soluble molecules secreted by malignant 
gliomas on the proliferative rate of non-malignant astro- 
cytes, one feature of the reactive gliosis response. It is 
noted that the process of gliosis can involve many types 
of changes to the astrocyte, including increases in im- 
munoreactivity and/or content of glial fibrillary acidic 
protein (GFAP; the astrocyte intermediate filament), hy- 
pertrophy, proliferation and other metabolic alterations. 
Indeed, we have recently suggested that the mediators for 
many of these changes, which are not necessarily corre- 
lated, may be diflTerent (33). In the present study, we have 
chosen to examine one aspea of the reactive gliosis re- 
sponse, that of proliferation. Cultured adult human as- 
trocytes served as proliferation targets for cell-condi- 
tioned supematants of glioma cell lines, as well as for 
tumor cyst fluids extracted from two patients with glio- 
blastoma multiforme For the glioma cell line-condi- 
tioned media, these were collected at different stages of 
the glioma growth in vitro in order to examine whether 
the secretion of soluble astrocyte mitogen(s) was growth 
phase-specific. Further experiments involved assessing 
whether the astrocyte mitogenic effect could be accounted 
for by known glioma secretory products (EGF, FGF, 
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PDGF, TGF-/9, TNF-a and IL-6) or by mitogens de- 
scribed for adult human astrocytes (7-IFN and IL- 1 ) (32). 

MATERIALS AND METHODS 
Human Glioma Cell Lines 

Glioma cell lines A 1 72 and U563-MG arc well-characterized 
lines established elsewhere (34, 35). These lines are passaged 
regularly (consisting of gentle irypsinization at 0.05% for 10 
minutes followed by serum inactivation ol* trypsin and then 
repeated washes with phosphate buffered saline [PBS] and re- 
plating) and are maintained in 25 cm' tissue culture flasks in 
medium consisting of Eagle's minimum essential medium sup- 
plemented with 10% fetal bovine serum (PBS), geniamicin (20 
Mg^ml), gtutamine (2 mM), pyruvate (1 mM). dextrose (0.1%) 
and essential amino acids bulTcrcd to a pH of 7.0. Cells are 
grown at 3 in a humidified 5% COj incubator. 

Collection of Glioma SupeiTuitants 

Glioma cell lines were seeded at a density of I x 10' cells in 
5 ml of tissue culture medium per 25 cm' culture flask and 
permitted to grow to conHuency. Cell-conditioned medium (su- 
pernatant) was replaced every 2 days to avoid nutrient depletion 
or accumulation of metabolites that might influence the bio- 
assays described below. For the purposes of this study, three 
lime points for each culture were chosen to represent different 
stages in the growth phase of each tumor: eariy logarithmic 
growth phase, late logarithmic growth phase, and immediately 
following the attainment of conftuency. Since the U563-MG 
tumor grows more slowly than the A 1 72 (36), supernatant from 
days 4-6 post-seeding of U563-MG represented the early log- 
arithmic growth phase in contrast to A172 glioma where this 
phase was achieved between days 2-4 post-plating. Similariy, 
the two later time points were obtained at intervals of days in 
vitro 4-6 and 12-14 for A 172; for U563-MG, corresponding 
intervals were days in vitro 8-10 and 23-25, respecUvely. Su- 
pemalants were centrifuged to eliminate cellular debris and fast 
frozen to -70°C for storage prior to use. 

Collection of Glioma Cyst Fluids and 
Control Cerebrospinal Ruids 

Cyst fluids were collected from two patients with glioblastoma 
multiforme proven histologically; the fluids were aspirated to 
achieve decompression. Repeated aspiration through an Om- 
maya reservoir system was done in one patient three times at 
intervals of approximately 2 weeks. Cyst fluid was aspirated at 
time of surgical excision in the second patient. A third set of 
cyst fluid was collected from a patient with hemangioblastoma, 
a non -glial tumor that is usually of vascular origin. 

As controls for the cyst fluids, cerebrospinal fluid was obtained 
by lumbar puncture from two subjects being investigated for 
herniated lumbar discs. 

Astrocyte Cel Cultures 
Our technique of isolation of non-malignant astrocytes has 
been published previously (37,38). Non-malignant human brain 
tissue was obtained from young adults undergoing surgical re- 
section to ameliorate intractable epilepsy. Tissue adjacent to the 
epilepK^enic focus was removed by Cavitron ultrasonic aspi- 



ration. For cell isolation, meninges and visible blood vessels 
were removed and brain tissue was cut into cubes of 1 mm or 
less. Viable dissociated cells were then obtained by previously 
established ^H-otocol using trypsin digestion and Percoll cen- 
trifugation (37, 38). Cells were suspended in feeding medium 
and placed in 25 cm' Falcon flasks for 24 hours (h) after which 
the floating cells (mostly oligodendrocytes) were removed for 
other studies. Adherent cells (mostly astrocytes and microglia) 
were \efi undisturbed and allowed to differentiate for a period 
of 7 days. By immunohistochemical identification, the majority 
of the cells were either astrocytes as assessed by GFAP im* 
munofluorescence or presumed micn^ia/macroirfiage cells (leu- 
M5-positive). We have been unable to enrich for astrocytes 
beyond 70% purity; however, we have previously demonstrated 
that the mitogenic effect of t-IFN on aduh human astrocytes 
did not depend on the relative amounts of microglial cells that 
were present in culture (32). As will be indicated in the Results 
section, the amount of microglial cells in culture did not appear 
to be a factor for cyst fluids from glioma patients to elicit a 
proliferative response on astrocytes. 

Feeding medium was Eagle's minimum essential medium 
supplemented with 5% PBS, 20 Mg/ml gentamicin, and 0.1% 
dextrose. The cultures used in this study ranged in age from 2 
to 4 weeks post-dissociation. 

Astrocyte Proliferation Assays 

GFAP-Bromodeoxyuridine (BrdU) double labeling technique: 
Since the non-malignant cultures contained microglial cells in 
addition to astrocytes, 'H-thymidine incorporation would not 
have yielded information as to the cell type that has incorporated 
the proliferation label. For this reason, a double immunofluo- 
rescence technique that allows direc* visualization of the cell 
type that has incorporated the proliferation label (BrdU) was 
used ( 1 7, 39). The astrocyte cultures described above were re- 
moved from their flasks by 0.05% trypsin and seeded on poly- 
1-Iysine-coated 9 mm Aclar plastic coverslips at a density of 10* 
cells per covcrsHp. Cells were incubated with test supematants 
(1:1 concentration with feeding medium) for 4 days, and 10 fiM 
BrdU was added during the last 48 h to allow proliferating celts 
to incorporate this label. Preliminary experiments had indicated 
that this time frame of treatment was optimal for assessment 
of proliferation of adult human astrocytes. The cells were then 
immunosuined using antibodies to GFAP and BrdU by a meth- 
od that has been described in detail elsewhere (17, 39); in a 
recent report (33) we have shown that this method yielded re- 
sults reflective of changes in actual cell numbers. In cultures 
treated with cyst fluids or human cerebrospinal fluids, these 
fluids were used at 20% final concentration (v/v) in feeding 
medium. All immunolabeled samples were coded and subse- 
quently counted blindly to obtain the percentage of GFAP- 
positive cells that have incorporated BrdU. In cases where resuhs 
were pooled from multiple series of human astrocyte cultures 
(Fig. I). each wiUi ^liglitly varying coiiirol ratciof proliferaiioii, 
results were expressed as the proliferation index (PI). The PI 
was the percentage of GFAP and BrdU double-positive cells 
(proliferating astrocytes) in lest cultures divided by similar re- 
sults from untreated controls in the same experiment. 

To attempt to account for the identity of the astrocyte mitogen 
in glioma-dcrived supematants or cj-st fluids, the following were 
added for 4 days to adult human test cultures for GFAP and 
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Supematants From Glioma Lines Promote 
Proliferation Of Human Aduft Astrocytes 




0 2 4 6 6 10 12 14 

PralifAratlon Index 

Fig. I. Glioma supernatams promote proliferation of adult 
human astrocytes. Proliferation indices are mean ± SEM of 
four samples following a 4 day treatment period. Supematants 
w6re collected from glioma tines A 172 and U563-MG at the 
days in vitro (DIV) indicated following replaling of cells (time 
0). The percentage of astrocytes in control cultures that had 
incorporated BrdU was 2.8 ± 1.1%. ^Significantly different 
from control cultures using a one-way analysis of variance 
(ANOVA) with Duncan's multiple comparison, p < 0.05. All 
analyses were performed blindly on coded specimens. 

BrdU immunofluorescence: EOF (Boehringer Mannheim, Ger- 
many; 20 ng/ml). acidic or basic human FGF (UBI, Waltham, 
MA; 20 ng/ml), human PDGF (Genzyme, Boston, MA; 200 
mU/ml), human TGF-0 (Calbiochem. La JolJa, CA; 20 ng/ml), 
recombinant human IL- 1 , IL-6 and TNF-a (all from Genzyme, 
Boston, MA; 100 U/ml). These were optimal concentrations 
that were selected based on previous studies to generate dose- 
response curves for these agents on neonatal mouse, fetal human 
or adult human astrocytes (17, 32, unpublished observations). 
In addition, a mixture of EGF, aFGF, bFGF (all at 20 ng/ml) 
and PDGF (at 200 mU/ml) was also assessed. 

All experiments were conducted in feeding medium where 
the final concentration of FBS was 5%. 

Flow Cytometric Cell Cycle Analysis: To confirm the results 
of the GFAP-BrdU incorporation assay, cell cycle analysis was 
performed by propidium iodide staining with analysis by flow 
cytometry. As above, the cultures were maintained for a period 
of 4 days with the glioma supematants (1:1 concentration with 
feeding medium), after which the cells were trypsinized, washed 
three times in PBS, and fixed by resuspending 1 x I0^ cells per 
ml in a solution of PBSiice cold methanol (1:2 final concentra- 
tion, vortexing the cells to avoid clumping) for a period of 1 h 
at The propidium iodide staining protocol was adapted 
from that of Hurley (40). After fixation, cells were centrifuged 



and the supernatant decanted. Immunocytochemical GFAP 
staining was performed in 1.8 ml Ependorf tubes tjsing 30 td of 
rabbit anti-GFAP primary antibody (volume to achieve satu- 
ration of antigen) followed by equivalent volumes of goat anti- 
rabbit secondary antibody conjugated with fluorescein isothio- 
cyanalc (FITC), each for an incubation period of I h at 4*C. 
Each stain was followed by three washes with PBS. Following 
GFAP labeling, 0.5 ml propidium iodide stain solution was 
added. This stain solution contained 10 mg propidium iodide 
(Calbiochem), 0. 1 ml Triton X-lOO (Sigma, St. Louis, MO), and 
3.7 mg EDTA (Sigma) in 100 ml PBS. Immediately following 
addition of the slain solution, 0.5 ml ribonuclease (RNase) so- 
lution (10 mg RNase [Sigma] mixed with 5 ml PBS and heated 
to 75°C for 30 minutes before use) was added to eliminate dou- 
ble-stranded RNA which would interfere with DNA quantifi- 
cation. The samples were then analyzed by flow cytometry 
(FACScan", Becton Dickinson, San Jose, CA) after a I h staining 
period at 37*0 in the dark. To specifically determine the pro- 
liferation of astrocytes in the mixed population, the cytomctcr 
was gated to analyze the DNA content of cells labeled with the 
GFAP-specific marker. Cellular DNA events were acquired us- 
in CELLFIT software (Becton Dickinson), with estimation of 
percentage of cells in particular phases performed by the REIT 
model. Proliferation indices for flow cytometry, defined by the 
sum %S + %G:/M phases, were calculated for each of the var- 
ious treatments. 

Measurements of 7-IFN and IL-1 in 
Glioma Culture Supematants 

Culture supematants of A 172 glioma cells from days 7-9 post- 
seeding were collected. Twenty ft), in triplicates, were analysed 
for 7-lFN using a radioimmunoassay kit (Cenlrecore, Malvern, 
PA) following the manufacturer's instructions. As a positive 
control for the assay, 20 fil of culture medium of human CD8' 
T-lymphocyles activated by OKT3 and IL-2 (32) were used. 

Interleukin-I was measured in A 1 72 culture supernatant (7- 
9 days post-seeding) by its ability to stimulate thymocyte pro- 
liferation in the presence of phytohemagglutinin, following pub- 
lished protocols (41). As a positive control for the IL- 1 bioassay, 
20 fi\ of culture supernatant collected from a highly enriched 
(over 95%) adult human microglia culture and treated for 24 h 
with 5 Mg/ml bacterial lipopolysaccharide were used. 

RESULTS 

Effects of Glioma Cell Line Supematants on 
Astrocyte Proliferation 

GFAP- BrdU Double Labeling Proliferation Assay: Fig- 
ure 1 shows the relative PI obtained following the incu- 
bation of glial cultures for a period of 4 days in the pres- 
ence of glioma supematants from various growth phases. 
Supematants from l>oth the A172 and U563-MG glioma 
lines increased the Pf of the human astrocyte cultures. 



Fig. 2. GFAP-BrdU double immunolabeling technique. Adult human glial cultures in control feeding medium (upper) and 
following the addition of glioma supernatant (lower). Cultures exposed 10 the glioma supematants show an increased number of 
BrdU-staining GFAP-positive cells (arrows). A, C: GFAP. B, D BrdU. 
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TABLE 1 

now Cytometric Analysis of Cell Cycle ^netics of 
Astrocyt es FoUowing Addition of Glioma Supcmatanis 

Proliferation 
index 
(%S + 
%GyM) 



Glioma Cyst Fluid Increases 
Proliferation Of Human Adult Astrocytes 



Treatment 



%DNA 
synthesis 
(S-phase) 



Control 
A172 DIV 3 
A172 DIV II 
PDB 100 nM 



0.7 
3.9 
10.2 
12.7 



6.8 
9.2 
16.2 
19.9 



Values of S-phase and proliferation index were determined 
using the RHT model (CELLFIT software, Becton Dickmson) 
from DNA histograms. Incubation of cultures with glioma su- 
Sematants prod^d an increase in the P~li~^!"^" 
Strocytcs. Positive control in this assay was the Phorbol ester 
4!beia-phorbol-I2.l3-dibutyrate(PDB), an identified mitogen 
for aduh human astrocytes (36). 

DIV = days in vitro. 

Supemaiants derived from tumors in later stages of tumor 
growth were more effective mitogens. Supematan|s from 
the slower growing U563-MO cell line wer« more effective 
at promoting proliferation of the cultured adult astrocytes 
than were those derived from the faster growing A172 
glioma line. Figure 2 illustrates visual results from the 
GFAP and BrdU immunofluorescence technique; more 
double-positive cells are evident in cultures treated with 
the glioma supematants. 

Control astrocyte cultures not exposed to glioma prod- 
ucts had very low basal rates of proliferation. Over a 48 
h incubation period with ID fiM BrdU, 0.1-3% of astro- 
cytes were GFAP and BrdU double-positive. This low 
rate is reflective of the slow turnover of adult astrocytes 
in vivo (42). In contrast, over a 48 h pulse ,>vith, Brdy,^ 
47% and 57% of fetal human and neonatal niouse astro- 
cytes had BrdU in their nuclei, respectively (33). ^ 
Cytoftuorometric DNA Analysis: To confinit the GFAP, 
and BrdU assays, and to determine the specific cell cycle 
kinetics of the astrocyte cultures, PI (defined as the sum 
of %S + %G2/M phases) were determined from DNA 
histograms (43) following incubation of the astrocyte cul- 
tures with glioma supematanU. Supematants from the 
glioma line A 172 increased the PI of astrocyte cultures; 
supematants from cultures in later stages of growth in- 
creased the PI more effectively (Table 1). Positive assay 
control was the phorbol ester and astrocyte mitogen 4-beta- 
phorbol-12,13-dibuiyrate (PDB) (36). 

Effects of Glioma Cyst RukJ on 
Astrocyte Proliferation 

Cyst fluids collected from the patier * with giioblastoma 
multiforme at three time points all induced proliferation 
of human adult astrocytes (Fig. 3). Similarly, cyst fluid 
from the second glioma patient resulted in an asirocyiic 
proliferative response. The magnitude of the proliferative 



CystnuWlA 
CystFkjtdlB 
CystFlokl 10 
CyrtFhjW 2 

CSF Control 1 
C5F Control 2 




4 6 8 
Prolttflratlon Index 



10 



12 



14 



Fia. 3. Glioma cyst fluid increases proliferation of adult hu- 
man astrocytes. Cyst fluid was collected from patient I at three 
time points, A, B and C at two week int^'^^^'^-fy? ™ 
drained from patient 2 once. Values are mean ± SEM of four 
samples pooled from two adult human culture senes. one with 
less man 20% microglial cells, and the other tft*^'* 20-50% 
microglial cells. Control cultures (eight samples) had 3.2 ±05% 
GFAP and BrdU double-positive cells. ★Significantly different 
from controls by a one-way analysis of variance (ANOVA), p . 
< 0 05 Control level was proliferation index of 1 where no cyst 
fluid or cerebrospinal fluid (CSF) was added to sister cultures. 
Cerebrospinal fluid from two glioma-free and ncurologically 
normal subjects served as additional controls. 

effect (approximately tenfold) was equivalent to that pro- 
duced by glioma culture supematants at the concentra- 
tions used (compare Fig. 1 to Fig. 3). Cyst fluid from the 
patient with hemangioblastoma similarly enhanced pro- 
liferation of astrocytes (PI of 13.4 ± 1.1). In contrast, 
hpman cerebrospinal fluids from non-neoplastic subject^ 
did not promote proliferation of adult human astrocyte^. 

Effects of Purified Growth Factors on , 
Astrocyte Proliferation 

To attempt identification of the soluble mitogen(s) in 
glioma cell supematants or cyst fluids, adult human as- 
trocyte cultures were treated with factors known to be 
produced by gliomas. However, none of these (EOF, 
aPGF, bFGF. PDGF, a mixture of these, TGF-^, IL-6 
and TNF-a) enhanced proliferation of astrocytes (Table 

2). 

Failure to Detect r'FN and IL-1 in 
Glioma Culture Supematants 
We have previously d«icribed 7-IFN (10-1,000 U/ml) 
and IL-1 (0.5-500 U/ml) to enhance DNA synthesis (PI 
of sevenfold at best) in adult human astrocytes (32). When 
the A 172 glioma cell culture supernatant was analyzed 
for the presence of 7-IFN, none was detected; the positive 
control used for the assay, activated CD8* T-lymphocyte 
supernatant, had 107 U/ml. Similarly, no IL-I was de- 
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tected in the A 172 culture supernatant. Adult human 
microglial cells treated with lipopolysaccharide for 24 h 
released 202 U/ml of IL-1 into the culture medium. 

DISCUSSION 

Malignant gliomas are known to produce a range of 
soluble factors which can influence their own growth. 
These molecules include PDGF, EGF and FGF (5-8. 12, 
44), which can enhance glioma proliferation via autocrine 
and/or angiogenic mechanisms. The presence of insulin- 
like growth factor (IGF)-1 and -II receptors (13) and am- 
plification of the gene coding for the EGF receptor (5) 
have also been observed in higher grade gliomas. Fur- 
thermore, even though the immune status of patients with 
malignant gliomas is one of immunosuppression, glioma 
cells, at least in vitro, have the capacity to synthesize 
cytokines that include TGF-^, IL-l, IL-6 and TNF-o (10, 
11, 14-16). 

In addition to modulating their own growth, malignant 
gliomas can influence the function of non-glioma cells 
such as endothelial and lymphoid cells (9, 23-26, 45). In 
the present study, we provide evidence that glioma cells 
secrete soluble factors that can increase the proliferation 
of non-transformed astrocytes. This is seen not only in 
tissue culture-maintained glioma cell lines but also in 
tumor cyst fluids derived from two patients with glioblas- 
toma multiforme. It is unclear why the cyst fluid from 
the glioma patient collected at three different time points 
promoted proliferation to different extents (Fig. 3); this 
may relate to the evolution of the glioma as is suggested 
by the glioma culture supernatant results (Fig. I ) where 
the mitogenic activity produced by glioma lines is more 
evident at later growth phases. 

Candidate molecules for the mitogenic effect would in- 
clude the glioma-produced growth factors (EGF, FGF, 
PDGF, IGF-I) which have been shown to promote pro- 
liferation of astrocytes (neonatal rodent or fetal homfui) 
by many laboratories including our own (17-22). How- 
ever, these non-cytokine growth factors, alone or in com- 
bination, did not stimulate proliferation or adult human 
astrocytes (Table 2); we have previously shown that IGF-I 
was not a mitogen for adult human astrocytes (32). The 
failure of TNF-a in this report (in 5% FBS-containing 
medium) to enhance proliferation of adult human astro- 
cytes in contrast to the report of Bama et al (31) (in 10% 
FBS-containing conditions) could be explained by differ- 
ent amounts of FBS in the test conditions; we have de- 
termined that TNF-a can be a mitogen for adult human 
astrocytes, but only if the culture medium contains a 
concentration equal to, or in excess of, 10% FBS (Tejada- 
Berges, Antel and Yong, manuscript in preparation). 

Identified mitogens for adult human astrocytes include 
7-lFN and IL- 1 , but these were not detected in the culture 
supernatant of A 1 72 glioma cells. Heterogeneity among 
different glioma cell lines in the synthesis of cytokines 



TABLE 2 

Proliferative Response (BrdU Incorporation) of Human 
Adult Astrocytes (GFAP-positive Cells) to Test Factors 







% of GFAP 






and BrdU 




Concen- 


double-positive 


Test factor 


tration 


cells 


Control 




0 8 + 04 (\R\ 


Epidermal growth factor 


20 ng/ml 


0 8 + 0.5 (4) 


Acidic fibroblast growth 






factor 


20 ng/ml 


0.3 ± 0.2 (4) 


Basic fibroblast growth 




factor 


20 ng/ml 


0.4 ± 0.2 (4) 


E^atclet-derived growth 






factor 


200 mV/m\ 


0 ± 0 (4) 


Mixture* 




0,1 + 0.1 (4) 


Transforming growth 




factor-j3 


20 ng/ml 


1.9 ± 1.0(6) 


lnierIeuk)n-6 


100 U/ml 


2.1 ± 0.7(4) 


Tumor necrosis factor-a 


100 U/ml 


1.3 + O.l (4) 



Values are mean ± SEM with number of coverslips analyzed 
shown in parentheses. On each coveretip, an average of 145 
GFAP-positive astrocytes was counted. * Mixture refers to a 
combination of epidermal growth factor, acidic and basic fibro- 
blast growth factor and platelet-derived growth &ctor at the 
concentrations indicated. None of the experimental values are 
statistically significant from controls (a one-way analysis of vari- 
ance [ANOVA] with Duncan's multiple comparisons). We have 
previously reported that biopsy-derived cultured adult human 
astrocytes have a low rate of proliferation, as indicated by the 
0.8% value in controls above (32). 

has been documented (46), which may explain the non- 
detection of IL- 1 in the culture supernatant of A 1 72 while 
a different glioma line has been reported to synthesize 
IL-l (IS). Furthermore, some glioma cell lines do not 
synthesize cytokines de novo but will secrete these in re- 
sponse to activating agents, e.g. IL-l (47). Thus, the iden- 
tity of the astrocyte mitogen(s) released by gliomas in this 
study remains unknown. The current results do not rule 
out particular combinations of the test factors used in this 
study. 

Interestingly, while glioma cell line-derived supema- 
unts promoted proliferation of adult human astrocytes, 
we have previously reported that these supematanu sup- 
pressed lymphocyte fimctions at all stages of the glioma 
cell growth (9, 48). Furthermore, when culttire supema- 
tants from glioma cells at different stages of growth were 
placed on glioma cells (of the same cell line or on other 
glioma lines) in logarithmic growth phase, a biphasic re- 
sponse was observed: supematants from cells in early or 
mid-logarithmic growth enhanced glioma growth rates 
while supematants from cells at post-confluency inhibited 
cellular proliferation (48). These results indicate a capac- 
ity for gliomas to modulate their own growth in both a 
positive and negative manner^ and also to affect altera- 
tions in the biologic properties of surrounding non-ma- 
lignant glial cells and of tumor-infiltrating lymphocytes. 
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The net functional autocrine and paracrine effects of 
gliomas vary with the growth phase of the tumor and 
presumably reflect complex variations in the wide array 
of soluble molecules which can be produced by the gli- 
oma. 

It should be noted that proliferation of astrocytes is 
only one aspect of the process of gliosis, which includes 
other alterations such as astrocyte hypertrophy, increase 
in GFAP immunoreactivity and/or content, and several 
metabolic changes such as enhancement of various mi- 
tochondrial enzyme activities. Not all of these may occur 
in all injury models. For example, in the facial nerve 
resection model, increase in the number of GFAP-im- 
munoreactive astrocytes is observed without any docu- 
mented astrocytic proliferation (49); the rise in the num- 
ber of GFAP-immunoreactive astrocytes is likely due to 
exposure of previously hidden epitopes as the astrocyte 
undergoes hypertrophy. Thus, it remains to be proven 
that proliferation of reactive astrocytes occurs in brain 
regions surrounding gliomas, but the data presented here 
would suggest that this occurs. The data that cyst fluid ; 
from a patient with hemangioblastoma also enhances pro- 
liferation of non-malignant astrocytes in vitro raise the 
possibility that gliosis surrounding an array of non-glial 
neoplasms possibly including metastatic lesions may also 
reflect, at least in part, soluble factor effects. 

In conclusion, the data from this study expand the 
reported effects of soluble factors derived from glioma 
cells on the local environment, including endothelial, 
lymphoid and non-malignant glial cells. We suggest that 
the soluble astrocyte mitogen(s) released by glioma cells 
can contribute to the production of surrounding gliosis 
in the brain. 
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Abstract 

Background and Ofyect/Ves. Cell therapy can be con- 
sidered as a strategy aimed at replacing, repairing, or 
enhancing the biological function of a damaged tissue 
or system by means of autologous or allogeneic cells. 
There have been m^or advances In this field in the last 
few years. This has prompted the WoriUng Group on 
Hematopoietic Cells to examine the current utilization 
of this therapy in clinical heniatology. 

Evidence and Information Sources. The method 
employed for preparing this review was that of Informal 
consensus development. IWembers of the Working 
Group met throe times, and the participants at these 
meetings examined a list of problems previously pre- 
pared by the chairman. They dtecussed the single points 
in order to reach an agreement on different opinions 
and eventually approved the fmal manuscript. Some of 
the authors of the present review have been working in 
the field of cell therapy and have contributed original 
papers In peer-reviewed Journals. In addition, the mate- 
rial examined in the present review Includes articles 
and abstracts published in journals covered by the Sci- 
ence Citation Index and Medline. 

State of the Art, Lymphoklne-actlvated killer (LAK) and 
tumor-infiltratlng lymphocytes (TIL) have been used 
since the '70s mainly in end^tage patients with solid 
tumors, but the ciinkal benefits of these treatments 
has not been clearly documented. TIL are more specif- 
ic and potent cytotoxic effectors than LAK, but only in 
tew patients (mainly in those with solM tumors such as 
melanoma and glloWastonw) can their clinical use be 
considered potentially useful. Adoptive immunotherapy 
with donor lymphocyte infustons has proved to be effec- 
tive, particularly In patients with chronic myeloid 
ieukemia, in restoring a state of hematologic remission 
after ieukemia relapse occurring following an allograft. 
The infuskm of donor T-cells can also have a role In the 
treatment of patients with Epsteln-Barr virus (EBV)- 
induced post-transplant lymphoproliferative disorders. 
However, in this regard, generation and infusion of 
donor-derived, virus spoclfte T-cell lines or clones rep- 
resents a more sophisticated and safer approach for 
trostment of viral complications occurring in immuno- 
oompromtzed patients. Whereas too few clinical trials 
hdve been performed so far to draw any ^irm conclu- 
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slon, based on animal studies dendritic cell-based 
immunotherapy hoWs promises of exerting an effective 
antitumor activity. Despite leukemic cells not being 
Immunogenic, Induction on their surface of cthstimula- 
tory molecules or generation of leukemic dendritic cetis 
may induce antileukemic cytotoxic T-«ell responses. 
Tumor cells express a variety of antigens and can be 
genetically manipulated to become Immunogente. The 
main in vitro and In vivo functional characteristics of 
marrow mesenchymal stem cells (MSCs) with partteu- 
lar emphasis on their hematopoietic regulatory rde are 
reviewed. In addition, prerequisHes for clinical applica- 
tions using culture«xpanded mesenchymal cells are 
discussed 

Perspectives. The opportuneness of using LAK cells or 
activated natural kilter (NK) cells In hematologic 
patients with low tumor burden (e.g. after stem cell 
transplantation) should be further exptored. Moreover 
the role of new cytokines in enhancing the antineo- 
plastic activity of NK cells and the Infusion of selected 
NK in alternative to CTL for graft versus leukemia (GVL) 
disease (avoiding graft versus host disease (GvHD) 
seems very promising. Separation of GVL from GvHD 
through generation and infusion of leukemlfhSpeclfk: T- 
cell ckHies or fines is one of the most intriguing and 
promising fields of investigations for the future. Like- 
wise, strategies devised to improve immun&feconstl- 
tutlon and restore specific anti-Infectious functions 
through either induction of unresponsh/eness to recipi- 
ent alloantigens or removal of alloreactive donor T-cells 
might increase the applicability and success of 
hematopoietic stem cell transplantation. Cellular 
Immunotherapy with DC must be standardized and sev- 
eral critical points, discussed in the chapter, have to be 
property addressed with specific clinical studies. Stlm- 
ulatton of leukemic cells via CD40 receptor and trans- 
duction of tumor cells with co-stimulatory molecules 
and/or cytokines may be useful to prevent a tuntor 
escaping immune surveillance. Tumor cells can be 
genetically modified to interact directly with dendritic 
cells in vivo or recombinant antigen can be delivered to 
dendritic celts using attenuated bacterial vectore for 
oral vaccination. IVISCs represent an attractive thera- 
peutic tool capable oi playing a role in a wide range of 
clinical 3pplk:ations in t tie context of both cell and gene 
therapy strategies 
©1999, Fen-ata Storti Foundation 
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The rote of lymphoid cells in rejecting solid 
tumors transplanted into animal models was 
strongly suggested in the first decades of this | 
century byJ.B. Murphy (1926)' who, nonetheless, | 
did not demonstrate it formally. Following his revo- 
lutionary findings on the immunologic mechanisms ' 
of allogeneic skin tolerance and rejection, in 1958 
P.B. MedawaH coined the term immunologically com- 
petent celt' to define a cell that is "fiiHy qualified to under- 
take an immunological response". Forty years after 
Medawar's definition, the development of molecu- 
lar and biological research has enormously improved 
our understanding of the complex regulatory mech- 
anisms of proliferation, differentiation and function 
of the cells involved in the immune response. The 
concomitant evolution of biotechnology has also 
progressively given new opportunities to isolate 
and/or expand cell subsets, or to develop new mole- j 
cules, in order to amplify or modify specific cell func- | 
tions. Thus, the possibility of exploiting a specific cell 
function, in vivo or ex vivo, to obtain a therapeutic 
effect, such as an anti-tumor cytotoxic activity, or 
complete immune reconstitution, is part of the defi- 
nition of celt therapy that is herein reviewed. 

In a general context, cell therapy can be considered 
as a strategy aimed at replacing, repairing, or enhanc- 
ing the biological function of a damaged tissue or sys- 
tem by means of autologous or allogeneic cells. For 
instance, in the hematopoietic system cell therapy may ; 
include: a) removal or enrichment of various cell pop- i 
ulations; b) expansion of hematopoietic cell subsets; ! 
c) expansion or activation of lymphocytes for immu- 
notherapy; and d) genetic modification of lymphoid or j 
hematopoietic cells, when these cells are intended to j 
engraft permanently or transiently in the recipient 
and/or be used in the treatment of a disease. 

This review contains extensive considerations on j 
the clinical use of lymphocytes and/or natural killer : 
(NK) cells as a strategic weapon in preventing or cur- 
ing the neoplastic relapse after chemotherapy and/or 
hematopoietic stem cell transplantation, the infusion 
ofT-cell clones or lines able to restore a specific anti- 
viral activity, the m vivo and ex vivo potential use of 
dendritic cells to generate a tumor-specific cytotoxic 
activity, and the innovative use of donor stromal cells 
In conjunction with stem cell transplantation. Even 
tumor cells engineered to express cytokine or co-stim- 
ulatory molecules and representing the entire anti- 
genic repertoire of a certain neoplasia can be used as 
a cancer vaccine On the other hand, a broad defin- 
ition of cell therapy ac this time should include autol 
ogous and allog^rujiL transplants of purified hemato- 
poietic stem celK, which, however, have been exten- 
sively reviewed I'l pi'rviously published reports.^ - 

Tumor escape from immune surveillance 

Although sewt i nerhanisms allowing tumor cells 
to escape the h * ^mune protectfon have been 
recently desc '^- J ir ts conceivable that others 



remain still undiscovered. However, tumor cells often 
fail to induce specific immune responses because of 
their inability to function as competent antigen pre- 
senting cells (APC). Professional ARC, in fact, are ful- 
ly capable of delivering two signals to T cells;* the 
first is antigen (Ag) specific and is mediated by the 
interaction of MHC molecules carrying antigenic pep- 
tides with the T-cell receptor (TCR), and the second 
signal, or CO- stimulatory signal, is not Ag-specific and 
is principally mediated by members of the B7 family, 
namely B7-1 (CD80) and B7-2 (CD86), via their T- 
cell receptors CD28 and CTLA-4, and/or by CD40 
via CD40L binding. 

The lack of a suitable tumor-associated antigen 
{TAA),'^^° or defective antigen processing," or pro- 
duction of immunologic inhibitors, or lack of co- 
stimulatory signaling by tumor cells, as other mech- 
anisms, can all contribute to prevent or abrogate an 
anti-tumor immune response. Moreover, neoplastic 
cells within the same tumor may show different reac- 
tivity with monoclonal antibodies (mAbs), cytotoxic T- 
lymphocyte (CTL) clones and lymphokine-activated 
killer (LAK) or tumor infiltrating lymphocyte (TIL) pop- 
ulations. Furthermore, despite many tumors having 
TAA and potentially being capable of stimulating T 
cells, in some cases they fail to induce an adequate 
CTL frequency in vitro. In other cases the antigen loss 
can be one of the mechanisms for escaping immune 
protection.^" Private TAA often result from mutated 
gene products''' and are potentially useful for devel- 
oping tumor vaccines. These Ags, however, can be 
down-regulated or modified by point mutations, 
inducing a consistent reduction or the abrogation of 
peptide-binding by specific CTLs. Another critical issue 
for preventing immune responses is the absence, or 
the down-regulation of MHC molecules on neoplas- 
tic cells, as shown in animal models,''^ or in human 
lung cancer.'^ 

The pivotal role of B7 molecules in the immune 
response has been demonstrated in a variety of exper- 
imental models showing that after TCR signaling, 
binding of CD28 induces T-cell interleukin-2 (IL-2) 
secretion, proliferation and effector function, where- 
as presenution of the antigen in the absence of co- 
stimuli induces T-cell unresponsiveness either by 
anergy or clonal deletion. Therefore, since most neo- 
plastic cells lack co-stimulatory molecules, it is likely 
that they can deliver the first sign.i through the 
MHCiTCR binding, but not the second one, thus dri- 
ving host T-cells to tolerate the runxx Potential 
strategies to prevent or to reverse ! C^li t olerance by 
CD28 or CD40L stimulation, or IL 2 receptor trig- 
gering, are under investigation. 

Further mechanisms impairin;.^ mmunologic 
responses include the suppression u- ytotoxic activ- 
ity by the release of soluble factors > bv direct cell- 
contact. In fact, tumor cells may ^ • ere cytokines, 
such as MlP-lot, orTGF-p, or H ' ■ ih.u may be 
capable of inhibiting T cell acr^v r . Miernatively, 
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Figure 1. Main mechanisms for tumor escape of immune 
surveillance. 



tumor cells may induce T-cell apoptotic clonal dele- 
tion by increasing Kas:Fas-L ligation^' A schematic 
example of the mam defects described in the tumor 
cell: T cell interaction is shown in Figure 1 . 

Finally, since normal lymphocytes can bind to 
venular endothelial cells through adhesion receptors, 
such as L-selectin or«/fi integrins, and then by rolling 
out they can reach tissues, lack of adhesion receptors 
on tumor vessels might prevent lymphocytic infiltra- 
tion and contact with neoplastic cells.-** In this case 
even the best strategies aimed at modifying the 
immunogenicity of tumor cells may not be success- 
ful at overcoming the lack of an antitumor immune 
surveillance. 

Lymphokine-activated killer and tumor' 
infiltrating lympliocytes: 
past and present 

Natural killer cells and fymphoMne-activated 
killer phenomenon 

Since 1970 NK cells have been recognized as a 
functionally distinct subset of cytotoxic effectors 
(Table 1) NK cells from rodent or fi-om human 
peripheral blood kill a wide range of tumor cells and 
virus-transformed cells without the need for prior 
sensitization. 

In 1975 Heberman et af.^^ described a phenome- 
non of normal unstimulated lymphoid cells lysing cul- 
tured tumor-ceil lines in a short in vitro assay. This 
cytolytic activity was subsequently shown to be nei- 
ther MHC restricted nor mediated by the T-cell recep- 



TaWe 1, Characteristics of cytotoxic effectors useful for adoptive immunotherapy of cancer. 



Effector type 



CRs 



Souru 



Peripheral 
blood lymphocytes 



Culture Gomtmont: 

Tunof stimulation Yes 
need of IL-2 fof response ++++ 



Duration of culture 
target cells /fi Wtro ' 

InvttnfvMytkaetMty: 

Specificity 



6 weeks 
allogeneic cells 



MHC restricted to 
allogeneic ce is 

MHC not restncted 
toward opsonizeti 
cells (ADCCi 
antigens) 



Etfpctor phenotype 
CJi: cytotoxic T- lymphocytes: TfL tumof infutidu.-f '■. 



Vis 



NK ccfis 



Metastatic 
lymph nodes 



None 

4 weeks 
autologous 
tumoral cells 



Peripheral blood 
and bone man-ow 



None 
++++ (CD56^'-) 
+ (0056"^) 
2-3 weeks 
K-562 



none: spontaneous 
lysis of virus- infected cetis. 
Restncted to autologous tumoral cells, 
autologous tumof allogeneic tumoral ceils 

(MHC and/or 
tumor associated antibody-dependent 
cell-mediated cytotoxc 
(ADCC) specificttv 

C03V8+/56+ CD3-/C[)16VCn56' 
".ihnrytes; NK. natural killen LAK: lympt^okine. ja,-v.;*; 



LAK celts 



m cells 
dtid CTL activated 
by IL-2 

None 



2-5 days 
Raji, Oaudi 



none: lyse 
a M\6e spectrum of 
tumor cells 
including cells 

tfiat are 
resistant to NK; 



C056* 
CD25+ 



CJKs 



Subset of 
T-lymphocytes 
activated by cytokines 



None 

IL-12, antiCDS antibody 
2-5 weeks 
autologous and 
allogeneic ftjmoral cells 



cytotoxic activity 
superior to LAK; 

lyse whether 
CML autologous 
or allogeneic blasts 

but do not lyse 
normal hematopoietic 
progenitors 

CD3+/56* 



1/; e- CiK: citokine activated killer. 
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tor complex. Such ability to eliminate tumor cells, 
but not normal tissues suggests that NK cells are not 
only involved in the control of cancer, but also that 
their presence and state of activation arc important 
In the outcome of the disease and finally in the treat- 
ment of tumors." 

Mature NK have a clonally-distributed ability to 
recognize their target cell by class I MHC alleles, Karre 
ffttf/." demonstrated in a murine model that leukemia 
cell lines lacking certain MHC class I molecules were 
killed by NK cells, while parental H-2 bearing line 
were not. In humans both NK and a subset of cyto- 
toxic T-lymphocytes express receptors for MHC H UK 
class I molecules which exert an inhibitory effect on 
cell-mediated cytotoxicity. These surface molecules, 
belonging to the immunoglobulin superfamily, have 
been termed killer-cell inhibitory receptors (KIRs). 
Two distinct KIR families have been described a) 
KIRs with IG-like domains, recognizing HIA-A, B and 
C alleles; and b) the CD94/NKG2A subtype, with a 
lectin domain, recognizing peptides related to the 
HLA-E class ) system. ^''The interaction between KIRs 
and the corresponding MHC class I antigens prevent 
NK fi'om killing target cells expressing self HLA alle- 
les.^^ In addition some NK also express receptors that 
induce lysis of target cells expressing foreign HLA 
class I alleles/" 

These findings explain the mechanism of self-toler- 
ance in the NK population, which can be disrupted 
as a consequence of tumor transformation or viral 
infection orany other events inducing a loss or a sub- 
stantial modification of class I molecules. These 
transformed cells can easily escape detection b)- T- 
lymphocyces by down regulating MHC antigens, but 
are normally destroyed by autologous NK cells,-'' 

The NK cell compartment is heterogeneous and 
distinct NK subsets have been characterized The 
most inform.itlve functional differences are based on 
relative C D56 fluorescence: only CD56*^"s'«, but not 
CD56'''"^' NK, express the high-afftnity IL-2 receptor, 
and respond to the low IL-2 concentration. They also 
expand 10 times more than CD56^<*''".^^ 

NK progenitors differentiate into immature Nh: in 
presence of SCF, IL-7, IL-2 and bone marrow stromal 
cells producing IL-15. This last cytokine can directly 
induce Cr)34* cells to differentiate into NK cells in the 
absence of II -2.'"* The second step of NK maturation 
is stroma independent and is characterized by the 
appearar ce of CD56 molecules: the intensity of 
CD56 expression reflects the proliferative potentuil 
and the billing ability of the NK.'" 

The eff' I rs of IL-2 on NK precursors appears to be 
stage-sp'.'t . confirmingthat, while mature NK pre 
cursors rt aJily respond to IL-2, more immature (jrog 
enitors r , . omplete mixtures of cytokines and stro 
mal cells \ < c ells, after incubation with IL-2, becoiTie 
lymph(^M[-t- -\ctivated killer cells: LAK cells kill NK 
resistar^' ; :argets (e.g. Daudi cell line) and a .-.irie- 
specrr iiM r different fresh tumor cells in both ,^ir ul- 



ogous and allogeneic settings, while fresh normal tis- 
sues are resistant to LAK-mediated lysis. 

Although some tissue-resident lymphocytes may 
have spontaneous LAK activity, normal blood mono- 
nuclear cells (MNC) do not show any LAK activity, 
which can be acquired only after incubation with 
interleukin-2.'^ These NK activated cells express new 
markers such as CD25, MHC class II antigens and 
fibronectin." LAK activity can be generated not only 
in peripheral blood MNC, but also in the thymus, 
spleen, bone marrow and in MNC from lymph nodes. 
Many experimental data suggest that most LAK pre- 
cursors are present in the null lymphocyte popula- 
tion. 

In humans lAK activity was much more evident in 
the MNC population after depletion of macro- 
phages, T and B-cells. Residual MNC were CD16* 
and did not show T-cell markers.^* 

LAK celts: experimental observations and 
clinical trials 

In animal models the combined administration of 
IL-2 and LAK has proved to be more efficacious than 
either component alone. In murine models the 
administration of high-dose IL-2 alone or in con- 
junction with LAK cells induced the regression of 
lung, liver and subdermal metastases. The antitumor 
effect correlated both with the IL-2 dose and the 
number of LAK cells administered; finally at different 
doses of tL-2, the concomitant administration of LAK 
cells resulted in increased reduction in established 
metastases.^* -^^ 

LAK cells are capable of inhibiting acute myeloid 
leukemia (AML) progenitor growth, and leukemia 
incidence is higher in people with deficiency of NK 
cells.'''' In the large majority of patients at diagnosis or 
in relapse blasts appear resistant to lysis by autolo- 
gous LAK cells. Moreover, about 90% of patients with 
acute leukemia in complete remission do not show 
spontaneous cytotoxicity against autologous blaSt 
cells, but ex vivo treatment with IL-2 restores cytolytic 
activity in 37.5% of these patients.^* In a population 
of 42 patients with AML in complete remission, LAK 
cytotoxicity against autologous leukemic blasts was 
not significantly different from LAK of normal sub- 
jects.^' However, multivanate analysis for prognostic 
factors showed that patients y/hose LAK had more 
lytic aaivity on leukemic blasts had significantly less 
risk of relapse than patients wjrh poor LAK activity. 

In the first National Cancer Insntutc trial cndstage 
cancer patients received high dose bolus IL-2 thera- 
py for 3 to 5 days.'^ LymphLi^vtes harvested during 
the systemic treatment wit h II ? were cultured in the 
presence of IL-2 for 2 to 4 davs, in order to expand 
the LAK cell number; auroiuyt I AK cells were then 
reinflised into patients m rt-v-hinanon with the high- 
dose intravenous bolus IL Llmmistration, Of 72 
patients with renal canct , h ^ were treated, 33% 
obtained an overall rosf^ 8 with complete 
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response (CR) and 1 7 with partial response (PR); of 
48 patients with metastatic melanoma 2 1 % respond- 
ed with 4 CR and 6 PR; responses were also observed 
in patients with colorectal carcinoma and non- 
Hodgkin's lymphoma.*" The ILWG used the same 
strategy, obtaining an overall response rate of 1 9% in 
patients with melanoma and 1 6% in those with renal 
carcinoma/' After these initial trials the original 
schema of the National Cancer Institute was modi- 
fied with the use of IL-2 in continuous infusion rather 
than bolus injeaion in order to reduce the systemic 
toxicity/-^ 

The first randomized study, comparing IL-2 alone 
to IL-2 plus LAK cells, was published by McCabe.*^ 
This trial included patients with either renal carcino- 
ma or melanoma, no significant difference in 
response rate between the two groups was reported. 
A second randomized study at the National Cancer 
Institute followed these pioneering experiences, com- 
paring IL-2 alone to IL-2/L^K cells:^ 181 patients 
were enrolled in this study (90 in the IL-2 plus LAK 
arm and 91 in the IL-2 alone). A total of 1 0 CR were 



observed in the IL-2/LAK arm as compared to only 3 
in the IL-2 alone arm. TTie overall response rates were 
similar, but there was a survival trend (p-0.07) in 
favor of the IL-2/L^K arm; the actuarial survival for 
patients receiving IL'2/L'\K was 31% compared to 
1 7% for those receiving IL-2 alone. Toxicity was vir- 
tually equivalent in both arms and the majority of 
toxic effects were due to IL-2 administration, while 
the only complication associated with LAK therapy 
was transient hepatitis A, due to contamination of 
the culture medium. 

A third randomized trial, comparing IL-2 alone ver- 
sus I L-2/LjAK therapy was published in 1995.^^ In this 
study only patients with advanced renal carcinoma 
were treated and IL-2 was administered as a contin- 
uous infusion rather than bolus injection. Seventy- 
one patients entered (36 vs. 35) this trial and only 6% 
overall obtained a major response, with a median 
survival of 1 3 months; the difference between the two 
groups was not significant. Therefore it may be con- 
cluded that LAK cells did not improve the aaivity of 
IL-2 in patients with advanced renal carcinoma. 



Table 2. Clinical trials with LAK cells. 



Treatment ictiedule 



Author 


Year 




Kind of tuiDOf 


ll'2(dose and schedule) 


LAKcelis 


Response 


Rosenberg 


1987 


157 


Melanoma 


Randomize: tL-2 vs. 


IL-2+IJVK 


CR: 2.2% vs 7.5% 
PR: 10.9% vs 14.2% 
mR: 2.2% V3 9.4% 


West 


1987 


40 


Misceliareous 


l-7xlO«U/mVdayCl 




CR+PR: 22-28% 


Yoshida 


1988 


23 


Brain tumor 


Direct injection of LAK into recurrent tumor 
cavity + IL2 (50-400 U); mutcple treat 


Regression: 26% 


Fishw 


1988 


29v 


Renal carcinoma 


12.9 MlU/kg (median 10 doses) 


7x10'° cells 


OR: 16% 


West 


1989 


30 


Renal carcinoma 


SxlO^-U/rnVday CI 


NR 


22-28% 


Dtitcher 


1989 


32 




100,000 U/kgq8h 


8.9x1 0'« 


CR^-PR 19% 


Paducci 


1989 


24 


Wiscellaneous 


1-5x106 u/myday CI 


5.6x10' 


CR+PR 20.8% 


Neqrier 


1989 


51 


Renal c-arcinoma 


3x106 U/m^/day q 


l,2xl0i» 


CR+PR 27% 


Siahel 


1989 


23 


Misrelljneous 


3xlO*U/kgq8h 


5.1x10'" 


CR+PR 17% 


Rosenberg 


1993 


181 


Vptast,stic cancer 


Randomized: IL-2 v-s 


IL-2+LAK 


CR: 5%vsn./6% 
PR: 15.2%vs 16.S% 
OS (3yrs); 11% vi 31% 
(P2-0.089) 


Bajorin 




49 


Rer ;l r,}fCinoma 


Randomized: IL-2 v-s 
(3MU/m^) 


IL-2+U\K (73x10*') 


No differencf; 


Keilhotz 


1994 


9 


u .'t?- niptastic carorKKna 


IL-2 a into the splenic artery 
or intravenous infiision 


LAK transfer into the 
porta* vein or the 
hepatK artery 


CR+PR: 33^ 


Murray Law 


1995 


66 


f?^nr'i ! (trcinoma 


Rar«lomized; IL2 v= 
(3!(10»U/mi/day) 


IL-2 + LAK (NR) 


CR+PR: 9%^. ! ^ 
(p=0.61) 


Kimura 


1997 


82,788 


• - .'■■tt^ lung cartinoma 


Randomized: IL-2+LftK vs 
(7xlO=U/dayx3days) 


Standard therapy 
(1 5x109 cell) 


OS (9^) ■■■■ ■■■ 1 ;% 
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The last randomized trial published was conduct- 
ed in 174 primary lung carcinoma patients after 
surgery, comparing the adjuvant treatment with IL-2 
plus LAK (for two years) with conventional treat- 
ment.^^ The 5- and 9-year survival rates were signifi- 
cantly superior in patients receiving IL-2/LAK thera- 
py, but no comparison was planned between li-2 
alone and IL-2/LAK therapy. The impressive results 
obtained in terms of overall survival also in non-cura- 
tive cases after .surgery (OS: 52% at 5 /oars) should 
probably be interpreted as due to fact that in this 
study patients received the Immunotherapy after con- 
sistent tumor debulking. 

Other clinical trials (non-randomized) were con- 
ducted with IL-2 with or without LAK cells, and the 
overall response rate was similar for both the 
immunotherapy modalities."'''*^ The detailed review 
of other (non-randomized) experiences using these 
two different immunotherapies suggests that LAK cell 
reinfusion slightly increased the number of CR and 
the duration of response, especially in patients with 
metastatic melanoma (Table 2).'''-^^^ 

In hematologic malignancies the frst attempts to 
generate and expand LAK activity by using IL'2 in vivo 
were clinically disappointing especially in patients 
autotransplanted for ALL; after transplantation 
patients were randomly assigned to treatment with 
systemic IL-2 (without LAK cell administration) or no 
treatment, but the disease-free sun/ival was similar in 
the two arms.^^ The use of LAK cells has also been 
proposed after autologous transplantation for hema- 
tological malignancies, but the very small r>enes of 
patients reported does not allow any definitive con- 
clusion to be drawn about its clinical benefit.^'' Beau- 
jcan etal.^^ reinfused, after myeloablative therapy, BM 
incubated with IL-2 into 5 ALL patients, observing a 
very marked delay of the engraftment and the recur- 
rence of disease in all patients. Recently there has 
been a report of 61 women with breast cancer auto- 
transplanted with IL-2 activated PBPC and treated 
with low dose IL-2 starting from PBPC reinfusion, 
without graft failures or major toxicity; there are no 
data concerning the outcome of patients and this 
experience only confirms the feasibility of the 
.ipproach.^ 

In a very preliminary experience a sustained major 
cvtogenetic response to immunotherapy with GM- 
C SF+IL-2 and LAK infusion was observed in chronic 
inyeloid leukemia (CML) patients after autologous 
rr^insplantation.^^ However, a renewed interest tn this 
approach has led to new research pursuing different 
ciiroctions: 

a selection of patients with low tumo^ burden and 
with significant in vitro LAK activity ay^-^ nst autol- i 
ogous tumor cells, in order to rear i :\r\ optimal 
effector/target ratio; 

I' harvest of large amounts of NK cells (for addi- 
tional ex vivo expansion/activation wit h \ { 2) to be 
r '-i;ifused in the early phase after BM ' 



c. direct activation of leukapheresis, after priming 
with chemotherapy followed by cytokines, In order 
to reinfuse, after HDT, a product richer in cyto- 
toxic effectors and probably less contaminated;^^ 

d. identification and selection of more efficient NK 
progenitors (e g- adherent NK) by eliminating 
undesired accessory cells which could Inhibit their 
killing and proliferative ability;^*^^ 

e. generation and expansion of other CE subsets with 
more powerful activity against autologous tumor 
cells, e.g. cytokine-induced killer cells (CIK);^" 

f use of other cytokines tn association with IL-2, in 
order to potentiate the activity and/or improve 
the selectivity of activated peripheral blood MNC. 

Tumor inflftrating lymphocytes 

The disappointing results of adoptive immunother- 
apy with biood-denved LAK cells led to a search for 
more specific CE cells. Tumor infiltrating lympho- 
cytes (TIL) are T-lymphocytes with unique tumor 
activity that Infiltrate some tumors and can be 
expanded by long-term culture with IL-2 at low- 
intermediate concentrations.-'^ In murine models TIL 
have exhibited a stronger anti-tumor effect than LAK 
cells on a per-cell ba*^is; in humans TIL have been iso- 
lated with variable frequency from different solid 
tumors and very often (about 30% of cases) from 
patients with melanoma. Phenotypic analysis showed 
that TIL consisted mainly of CD4' cells in colon, 
breast and urothelial tumors, while in melanoma 
CD8^ cells are preva^ent.^^ " CD3 CD16^ NK cells 
have also been isolated from several tumors, con- 
firming the large heterogeneity of tumor infiltrates.^" 
The mechanism of the antitumor action of TIL Is 
unknown; there is some evidence that these cells 
secrete cytotoxins and cytokines which are capable of 
killing tumor cells and recruiting other CE 

Experimental models ar:d clinical trials 

Mice carrying spontaneous metastases, treated 
with IL-2 plus tumof derived T-cells, obtained fi-om 
splenocytes after mixed lymphocyte-tumor cultures, 
had a better survival than those treated with LAK 
cells; previous tumor debulking (with chemotherapy 
and/or radiotherapy ) was needed to maximize the 
efficacy of TIL-therapv-.'- 
Unfortunately large amounts of TIL can be collect- 
ed very rarely, and the large scale expansion of this 
population is crucial m order to obtain relevant clin- 
ical responses; this step oi'exvivo manipulation is not 
always successful, b-xause the need for prolonged 
culture of TIL (fron 6 to 8 weeks with IL-2) may 
abrogate the 5efect:vii y against the tumor; moreover 
only a small fraction of the readministcred human 
TIL is able to concen;r,ue in the tumor sites.*** 

Wong etal.^^ shcj Aed in a mouse model that TIL 
preferentially locali/ in the Itver and lungs. In con- 
trast trafficking stur, es employing TIL radiolabeled 
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Table 3. Clinicat trials with LAK celts and IL-2. 



Ireatmenl schedule 



Author 


Year 


Patients 


Kind (rf turjw 


IL-2(dose and schedule) 


JILceHs 


Response 


Rosenberg 


1988 


20 


metastatic meJanoma 


1 • IC U/kge\'efV Sh, Cf^ ?5 mg/kg 


20.5 > ID'ocell 


RegTBss; 60% 


Kradin 


1989 


38 


miscellaneous 


1 3>:10*U/rtv CU ?M 




OR: 26% 


Rosenbefg 


1990 


5 


metastatic melanoma 




TIL gene modified 




AunJ 




10 


utifjtiDCfti or recurrent 
ovarian cancer 




TIL after single CICPM 


OR- 70% 
Long term: b /% 


HillmAn 
uniiiiKjii 


1991 


?lv 


metaststic melanofna 


18xl0e|U/n>'/dfly CI 


l[)"cell 


OR- 24% 

expensive, difficult 


Arienti 


lyyj 




rneuscauc rneidnofiid 


X\J\J \. iV lU/ ' 1 ' / UQJT vi 


6.8X 10* ceB 


RR33% 




1993 


lOv 


metastatic renat 
eel) carcinofna 


?- lO^'lU/mVdaym 96h(ll-2) 
6-10*lU/ni^/<lay(lFN y) 


TIL 


CH 30% 


Schwart- 
ennuber 


1994 


41 


melanoma 


IL-2 


TIL 


CR+Ffl:21.9% 


Pockaj 


1994 


38 


metastatic melanoma 


;.2> 10* lU/kg every 8h 


1.3-2 2 ^10" cell 
and CPW 25 mft^Kg 


OR 38.5% 


Chang 


1997 


20v 


advanced melanoma and 
rer^ cell cancer 


IL-2 


anti-CD3 vaccine pnmed 
lymph node cells 
activated 


OR 33.3% 
PR9 1% 


Cufti 


1998 




solid tumor and NHL 


9xlO«U!/m7d3yx / days Cl 


TCD4*celKarTti CDS 


some tumor regression 


RkJoffi 


1998 


32 


miscellaneous 


12-6 MIU/ day 
(Wesfs schedule) 


5.8x10'° TIL 


no response inpatients 
witn advanced cancer 



ev: eva/uab/e; PR: partial response; OR: overall response. 



with In^", have shown that TIL do traffic to tumor 
sites;^^ this homing property should produce high 
concentrations of TIL, and probably their perma- 
nence, in the area of a tumor. 

Human TIL transfected in vitro with the neomycin- 
resistance gene and reinfused intravenously, have been 
detected by polymerase chain reaction (PCR) tech- 
niques from 6 to 60 days in patients affected by 
metastatic melanoma/"' Aebersold etal.^° observed a 
strong correlation between the tested tumor cytotox- 
icity in vitro and the in vivo response, in a small cohort 
of patients with metastatic melanoma. A similar rela- 
tionship was observed in a murine model in which the 
/n vivo therapeutic effect of TIL correlated with secre- 
tion of IFN7 and tumor necrosis factor (TFNa).^' 

In order to increase their specificity and potency, 
TIL have been engmt-ered with genes encoding cyto- 
kines or cytotoxins such asTNFor IFN-7 or IL-2.^'" 
However, some experimental observations suggest 
that these high coriLentrations of cytokines can cause 
systemic toxicity arui m some cases could even make 
the tumor more agej cssive.- ^-^^ 

In addition to rh* r potential therapeutic use as 
cytolytic effectors ribility of some TIL to recog- 
nize unique anti^^' n on tumor cells has made the 



study of the biologic characteristics of these antigens 
more feasible. Melanomas from different patients 
who share MHC antigens are often cross- recognized 
by allogeneic HI, as could be expected for an MHC- 
restrictedT-cell response; the presence of shared anti- 
gens in different patients with melanoma suggests the 
possibility of using these antigens in an active immu- 
nization program for this disease." When adoptively 
transferred into patients, TIL showed significant ther- 
apeutic efficacy in patients with advanced melanoma, 
but not in renal carcinoma patients. In a phase II tri- 
al patients with malignant melanoma were treated 
With tL-2 and TIL following chemotherapy: 39% of 
them achieved some sort of response, including those 
who had previously experienced a failure of IL-2 ther- 
apy Kradin etalJ^ treated some patients with a com- 
bination of chemotherapy, IL-2 and ML obtaining 
23% of responses in those affected by mt'Linoma and 
29% in those with renal carcinoma hut none in 
patients with non-small cell lung carcinuni,i 

A summary of most clinically relevant i Imical trials 
Aitl^ TIL is given in Table 3. 

Ttip lack ofimportant clinical trials \Mrt' TIL is pro b- 
.ihlv due to the difficulties in finding T I! k diagnosis 
n\\(\ especially because the technique - - !IL prim- 
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ing aftd expansion are time-consuming and not com- 
pletely standardized. TIL therapy is still young, but 
its very interesting potential has not yet been thor- 
oughly investigated. 

New approaches with lAK or TIL cells 

Allogeneic setting. Whereas it is widely accepted that 
graft-versus-host disease (GvHD) is initiated by 
donor T cells recognizing foreign host antigens, oth- 
er factors including toxicity of conditioning regimens 
and cytokine dysregulation are involved in the patho- 
genesis of GvHD.''*" Dau from murine experiments 
show that NK cells play an active rote both in GvHD 
and in garft-versus-leukemia (GVL) events; in a 
recently published model 1 00% of SCI D mice bearing 
human leukemic cells, and transplanted with NK* T- 
cells, died of acute GvHD; but while animals which 
received onlyT-cells developed clinical GVL associat- 
ed with relevant chronic GvHD, NK-transplanted ani- 
mals showed the same degree of protection from 
leukemia, experiencing only mild-moderate acute 
GvHD without chronic GvHD.*^'' These data suggest 
that in order to optimize the GVL effect while mini- 
mizing the severity of acute GvHD, donor grafts 
should be manipulated by adding a moderate dose 
of T-cells in the early phase and using purified NK 
cells in the late phase after transplantation. 

Preliminary data suggest that in normal donors, 
after G-CSF mobilization, NK progenitors have 
decreased killing capacity and diminished prolifera- 
tive ability in response to IL-2, compared to the 
unprimed bone marrow counterpart."' In contrast, 
after an HLA incompatible transplant, a progressive 
expansion of NK and CTL with NK like function 
(CD37CD56') has been observed; recipients received 
theT-cell depleted graft without developing GvHD, 
but in most cases a significant GVL effect could be 
demonstrated both in vitro and in vivo; these data sup- 
port the critical role of CTL KIR' m this particular 
subset of transplanted patients 

Concerning the expanding role of cord blood trans- 
plantation, even though the content of NK in this 
source seems normal, the decreased IL-12 produc- 
tion by cord blood MNC, reducing IFN-7 stimula- 
tion, may contribute to reduce NK .ind LAK cytotox- 
icity; these data suggest one possible explanation for 
cord blood imnnaturjty and their ciniical implications 
such as decreased GvHD and GVL, which could be 
enhanced by IL-12 administration - 

Autologous setting. Considering the impressive results 
observed In the allogeneic setting using donor-bufly 
coat lymphocytes for treatment -if ^elapse, CML 
seems an attractive field for testmg the efficacy of 
adoptive immunotherapy in the :ii.ro'ogous setting 
too; some experimental data supp.'a rhib hypothe- 
sis The MNC of patients with CM; ( otu^in a popu- 
lation of benign NK cells which car expanded and 
ictivated by IL-2, generating a O r . pi Jatfon capa- 
ble of killing both NK-sensitiv*^ a<\: NK-resistant 



tumor targets/^ Both number and functional activity 
of activated NK(ANK)in CML patients decrease with 
the progression of the disease.^* In vitro data show 
that autologous ANK inhibit both committed and 
very cariy F^hiladelphia positive progenitors in a MHC- 
unrestricted manner.^*" In these experiments CML 
; progenitor cell killing by autologous and allogeneic 
ANK {after T cell depletion) was comparable. Finally 
the CML blast killing was not dependent of soluble 
factors because it was abrogated by a transwell mem- 
brane, but was mediated by cell-to-cell contact being 
significantly blocked by anti-integrin antibodies." 

In 1986 Lanier and Phillips described a subset of 
CD3' T cells co expressing the CD56 antigen which Is 
a typical NK marker (CIK).*® More recently Schmidt- 
Wolf efd/.^'' obtained large expansion of this subset in 
a 1 6-day liquid culture containing IFN-7, IL-1 , IL-2 and 
a monoclonal antibody against CD3 as the mitogenic 
stimulus. The same group tested the ability of this pop- 
ulation to purge bone man^ow in patients with CML; 
they found that while standard LAK cells were in most 
cases unable to lyse CML cells, CIK cells were able to 
lyse both autologous and allogeneic CML blasts, with- 
out affecting normal hemopoietic progenitors. 
Recendy it has been reported that CIK administration 
in SCID mice beanng human CML induced the disap- 
pearance of Ph*+ cells in the spleen of 1 2/1 4 animals. 

Another interesting potential application of autol- 
ogous LAK is the treatment of EBV-related lym- 
phomas arising in organ-transplanted patients; a pre- 
liminary description of four complete responses after 
treatment with autologous peripheral MNC incubat- 
ed with IL-2 seems very promising. Recently in thy- 
roid cancer patients Katsumoto ettfA" generated cyto- 
toxic CD4' lymphocytes from Tl L after non-specific in 
vivo stimulation with OK-432 {which induces severe 
local inflammation in the draining lymph nodes) and 
low-dose IL-2, obtaining large amounts of cytotoxic 
CD4* {Thi ) cells, producing high levels of IFN'-y and 
TNF-)3 in the supernatants. These CE lysed a wide 
spectrum of tumor cell lines; anti-TCR antibodies did 
not inhibit their killing activity, which was in favor of 
a non-MHC restricted lysis, while antibodies anti- 
ICAM-1 completely inhibited the activity. 

Tsurushima et alV induced autologous CTLs 
directly from peripheral blood MNC by preparing a 
co-culture of minced tissue fragments of glioblas- 
toma multiforme with a mixture of cytokines (IL-1 , 2, 
4, 6 and IFN-^y) For 2 weeks. At the end of culture the 
population contained mainly CD4* and CDS* lym- 
phocytes able ro kill 82 to 1 00% of the glioblastoma 
cells while t\orrr)A\ LAK cells killed only 33%. 

Finally, in follicular lymphomas freshly isolated TIL. 
normally lacking tumor-specific cytotoxicity, were 
stimulated with lymphoma cells, in the presence of IL 
2 and CD40 ligand, iheseT-TIL were capable of pro 
liferating in response to follicular lymphoma cells; 
moreover Til could be further expanded in the pres 
ence of IL-4, li 7 and IFN-7." 
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The potential role of new cytokines 

Several cytokines affect CTL and NK response: first 
of all IL-2 which expands the precursor pool ofallore- 
active CTL; IL-15 (producted b/ monocytes) mimics 
IL~2 action by inducing IFN-7 production, T-cell 
memory activation and CTL proliferation.'^'' IL-12 
shares certain functional properties w'\th IL-2, but 
using a different, IL-2 independent pathway." In 
addition IL'12 enhances the lytic activity of human 
peripheral blood MNC against a wide spectrum of 
tumors/*^^ Recently it has been observed that the 
combination of IL-2 and IL-12 is capable of inducing 
lysis of blasts resistant to IL-2-activated eff'ectors, 
even in the autologous settingJ"^ 

Therefore the association of IL-2 plus IL-12 could 
potentially become an important tool to increase the 
antitumor efficacy both ex vivo, by generating large 
amounts of CIK,^°' and in vivo, by systemic administra- 
tion. 

GM-CSF is a cytokine capable of inducing a pleio- 
tropic immunosttmulat07 effect and also increases the 
immunogenicityoftumors; in a model for ex Wvo expan- 
sion of U\K cells from leukaphereses in order to obtain 
contemporaneously a decontaminated harvest and a 
large amount of CE to reinfuse after myeloablative ther- 
apy, the association GM-CSF+IL-2 obtained a 5-fold 
expansion of the NK compartment while sparing the 
clonogenic potential of hemopoietic progenitors.'*^^ 

Blodlstrlbution and targeting of LAK and TIL 

At present adoptive immunotherapy with L^K or 
IL-2 activated TIL has had limited success in patients 
with advanced cancer. Although a well-defined mech- 
anism remains to be established, numerous in vitro 
findings and in vivo data suggest that the cancer-spe- 
cific cytotoxicity of CE is obtained in multiple steps; 
a prerequisite, however, is optimal delivery of to 
the target tissues while minimizing systemic cytotox- 
icity. Two major areas currently requiring investiga- 
tion are the survival and localization of adoptively 
transferred CL in the tumor-bearing host, and the 
detailed mechanism of tumor regression. The major 
goals in this area concern the optimal administration 
of systemic cytokines together with CE, and (finally) 
the ways to enhance localization and transcapilla^ 
migration of the Infused cells. 

Expenmencal evidence together with theoretical 
considerations based on CE functions indicate that 
the ability of adoptive immunotherapy to eradicate 
an esta bl t sh ed tu mor is quantitatively d eterm i ned by 
the initial lumor burden, growth pattern, and the 
magnitude of immunologic response generated by 
CE and cither accessory cells at the site of the 
tumor. ■ r hus, to achieve tumor eradication and 
minimize systemic toxicity, the explanation of the 
mechani .iMs underlying lymphocyte biodistributidrs 
and the Vuujrs governing effector cell uptake in 
tumor si;('- s critical, but unfortunately data aboi r 
CE biof 'sir t^ijtion in humans are scarce. 



Although a physiologically based kinetic modeling 
approach has been applied to the pharmacokinetics 
of drugs and antibodies, there has been no effort to 
extend this approach to cell biodistribution, proba- 
bly because of its complexity. 

One interesting attempt co apply this method to 
adoptive immunotherapy has, however, recently been 
published. The importance of lymphocyte infiltra- 
tion from surrounding normal tissues into tumor tis- 
sue was found to depend on iymphocTte migration 
rate, tumor size, and host organ. 

It is likely that therapy with CE has not been as 
effective as originally promised, in part because of 
the very low CE concentration in the systemic circu- 
lation; this was mainly due to lung entrapment. 
Reducing this phenomenon by decreasing the attach- 
ment rate or adhesion site density in the lung by 50%, 
! the tumor uptake could be increased by 40% for TIL 
to 60% for adherent NK cells. 

Theoretical models indicate that intra-arierial 
administration has a dramatic advantage over intra- 
venous delivery, with more than a 1,000-fold higher 
CE accumulation in the tumor site. Indeed experi- 
ments in murine models show that it is possible to 
j eliminate liver metastasis by loco-regional adminis- 
tration of human IL-2 ANK or by systemic adoptive 
transfer. "^^ 

Finally the differences in biodistnbution between 
different lymphocyte populations, mainly due to the 
different attachment rates in the tumor and the lung, 
should be carefully considered. ANK cells are more 
easily trapped than CTL in lung vessels due to their 
larger diameter and greater rigidity. A greater accu- 
mulation ofTIL was expected in the spleen as a result 
oftheir stronger adhesion at this site through the lym- 
phocyte homing receptor. Although this model has 
limitations related to the sensitivity of analysis of 
parameters such as adhesion-site density, lympho- 
cyte attachment and arrest rate, it could be consid- 
ered a useful basis for designing new experimental 
models to increase the concentration and recircula- 
tion ofCE in tumor sites, reducing effector celt rigid- 
ity or blocking adhesion molecules. 

The so-called antibody-dependent cellular cyto- 
toxicity (AOCC) could be mediated by cells express- 
ing Fc7 receptor II and Fc7 receptor III (e. g. NK cells 
and CD37CD16* cells). This kind of cytotoxicity, 
even though exhibited by non MHC-restricted cells, 
cannot be considered aspecihc and is also exhibited 
by monocytes. 

LAK cells are extremely potent mediators of 
ADCC^°' and thus the use of LAK plus IL-2 in com- 
bination with monoclonal antibodies will probably 
i become a powerful tool for rreanng some immuno- 
i genie tumors. This approach has been tested in 
j patients with colorectal caru er ^ but could be also 
proposed for treating some im Tujnogeneic hemato- 
logic malignancies such as tDiiiLutar lymphoma or 
multiple myeloma. 
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[MMior lymphocyte infusion for treat- 
ment of leukemia relapse and a a 
means for accelerating Immunologic 
reconstitution in patients given trans^ 
plantation of hematopoietic progenitors 

Manipulation of the immune system after hema- 
topoietic stem cell transplantation (HSCT) to reverse 
leukemia relapse or to reduce its incidence remains 
one of the most fascinating, even though difficult, 
challenges for successful cure of patients with hema- 
tologic malignancies. In fact, over the last 10-15 
years, evidence has emerged from clinical transplan- 
tations to suggest that the anti-leukemia effect of 
allogeneic HSCT cannot merely be ascribed to the 
myeloablative therapy employed during the prepara- 
tive regimen, donor lymphocytes playing a pivotal 
role in the eradication of malignant cells. Adoptive 
immunotherapy with donor lymphocyte infusion 
(DLI) in patients relapsing after HSCT has provided 
one of the most effective demonstrations of the 
importance of the graft-versus-leukemia effect in the 
cure of patients with hematologic malignancies."^''^ 

Even though DLI may sometimes be burdened by 
complications that endanger the patient's life, main- 
ly myelosuppression and GvHD, in individuals with 
CML experiencing relapse in chronic phase after an 
allograft approximately 70% complete remissions can 
be obtained with this treatment."^ '''^ Most of these 
remissions are sustained over time, this proving the 
capacity of DLI to eradicate clonogenic leukemia cells 
or control their re-growth. DLI has also been exten- 
sively employed to reverse relapse in patients with 
acute leukemia, non-Hodgkin's lymphoma and mul- 
tiple myeloma. However, the response rate of patients 
with other hematologic malignancies, especially acute 
leukemia, is significantly lower."^, ' -6 |n fa^t, only 20- 
30% of patients with AML achieve a hematologic 
remission after DLI and the value for patients with 
ALL is even lower. Patients with acute leukemia expe- 
riencing recurrence following an allograft have a high- 
er probability of response with DU if treated after hav- 
ing achieved a state of complete remission with 
chemotherapy, that is in a condition characterized by 
a limited tumor burden. '- 

The most important factor predicting response to 
DLI in patients with CML is the type of relapse. In 
fact, as already mentioned, patients suffering fi'om 
cytogenetic relapse or hematologic relapse in chron- 
ic phase have a high probabitiiy of response to DLI, 
while patients with more acJvanced disease (acceler- 
ated phase or blast crisis) respond less frequently (20- 
25% of cases). "^"* Relapse occurring in the first 1-2 
years after allograft/' krie or no acute and chronic 
GvHD after transplantaiiOM or removal ofT-lympho- 
cytes before HSCT^ are also .associated with a high- 
er probability of benefnt my ko-n DLL In patients with 
CML responding to DL L the median time to obtain 
hematologic remission h.\< b^^^n reported to be about 



6-8 weeks, ' ' ^ whereas a longer time (in the order of 1 1 
months) is needed for molecular remission, this doc- 
umenting that clearance of leukemia cells is a dynam- 
ic, progressive phenomenon. "*The number ofT-cells 
to be infused and the best schedule of DLI for opti- 
mal response without concurrent development of 
severe GvHD are still to be conclusively established 
since they depend on several variables, such as degree 
of HU\-compatibility between donor and recipient, 
ongi nal disorder, and type of relapse.' '^ Some authors 
have claimed that infusion of no more than 1x10^ 
donor-derived T-cells per kg of recipient body weight 
or CD8-depIeted lymphocytes can induce a state of 
remission and substantially prevent GvHD occur- 
rence."^ However, recently, the Hammersmith Hos- 
pital group reported that the response in CML 
patients relapsing after HSCf and given graded incre- 
ments of donor lymphocytes seems to be less sus- 
tained over time than that obsen/ed after infusion of 
a larger number (i.e. >1 ;< 107kg of recipient body 
weight) of T-cells [Dazzi F, peizonal communication, 
1999). Support to the importance of the number of 
cells infused is also given by the results of Lokhorst et 
ai,^'^'^ who observed that, in multiple myeloma, 
patients given more than 1 <10^ T-cells/kg had the 
highest probability of benefitting from DLL In some 
of these patients, the response was complete with dis- 
appearance of myeloma proteins. 

The two major complications occurring after DLI 
are myelosuppression and GvHD. Myelosuppression 
is experienced by approximately 50% of the patients 
treated with DLI for CML in hematologic relapse, 
while It occurs much less frequently in patients with 
cytogenetic recun^ence,"^ this indicating that such a 
complication is observed in situations characterized 
by a predominance of host-type hematopoiesis. 
T"hereforc, myelosuppression can be explained by a 
direct effect of the transfused donor lymphocytes on 
hematopoietic cells of the recipient, similarly to that 
observed in transftjsion-associated GvHD. The 
majority of patients experiencing myelosuppression 
after DLI recover a normal blood cell count sponta- 
neously: nevertheless, myelosuppression maybe fatal 
in approximately 10% of patients, with death being 
caused by infection or bleeding."^ "* Infusion of a 
huge number of donor-derived peripheral blood 
hematopoietic progenitors, mobilized through hema- 
topoietic growth factors such as granulocyte coiony- 
stimulating factor (G-CSF), can alleviate the prob- 
lem of pancytopenia in some selected cases, hasten- 
ing the recovery of neutrophil and platelet counts. 

Grade ll-IV acute GvHD develops in almost h.ilf of 
patients given DLt,"^ "^ the highest incidence neing 
observed when the donor is an unrelated volurtpf^r 
Incidence and severity of GvHD after DLI does rot 
appear to correlate with GvHD after the ongina ' ans- 
plant ami it may occur with a high incident r s r'ce 
donor ivmpbocyte therapy involves the \r\Uy-, rr. of 
largf 'LJfT'bers of T-cells, whose immunoconii i . r . e 
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is not usually modulated by cyclosporin A and/or 
methotrexate. Even though GvHD occurring after DLI 
is well-correlated with disease response as proved by 
the observation that most patients obtaining a hema- 
tologic remission after this treatment developed acute 
and/ or chronic GvHD, GvHD may not be sufficient to 
induce GVL Moreover, some patients not experienc- 
ing GvHD after DLI achieve hematologic remission, 
this indicating the existence of a GVL effect separate 
from development of GvHD."^ "* "''!^^ 

GVL effect occurring after HSCT and DLI is consid- 
ered to be mediated by H LA- unrestricted NK or LAK 
cells or byT-lymphocytes that recognize leukemia cells 
in an HLA-restricted fashion.^''^'^'''* In particular, when 
patient and donor are HLA-ldentical, it is believed that 
recipient non-MHC-encoded minor histocompatibili- 
ty antigens (mHAg) are recognized by donor CTL. 
\Miile widely distributed mHAg account for the GVL 
effect associated to GvHD, tissue restricted or 
leukemia-specific antigens can elicit a specific GVL 
reaction"*** ' ■ * and it has been demonstrated that both 
CD4* and CD8* CTL recognizing mHAg in a classical 
MHC-restricted fashion can be generated in v/troJ^"*'^^^ 
In particular, mHAg-specific CDS* CTL can display 
strong lysis of mature leukemia cells, as well as sup- 
press, together with CD4* mHAg-specific CTL, the 
growth of clonogenic leukemia precursor ceils J 
Production of cytokines (such as "y-interferon and 
tumour necrosis factor a) able to induce theapoptot- 
ic death of leukemia cells can also contribute to the 
GVL effect. This said, it is not surprising that sev- 
eral efforts have been directed towards the identifica- 
tion of strategies capable of selecting and/or amplify- 
ing specific GVL response, not associated w\tU devel- 
opment of GvHD. Since it has been documented in 
humans that CTL directed against allogeneic leukemic 
blasts can be detected in the peripheral blood of 
healthy donors^^" and that CTL specifically reactive 
towards recipient leukemic blasts can emerge and per- 
sist over time in children given allogeneic HSCT a 
possible intriguing approach is that of generating and 
expanding clones or cell lines that are leukemia-reac- 
tive. The first elegant demonstration of the feasibility 
and efficacy of this sophisticated strategy has been 
receniiy reported by Falkenburgef o/.,''^'' who, through 
the infusion of donor-derived in vitro cultured CTL 
specifically recognizing leukemia progenitor colls, 
induced a complete hematologic and cytogenetic 
response in a patient with CMLwho had relapsed after 
an allograft and was resistant to DLI treatment 

A diverse, but equally elegant, approach proposed 
to abrogate the DLI-associated GvHD and its relevant 
morbidity and mortality is the infusion of ihymidme 
kiPciSf gene- transduced DLI followed by treat n ent of 
the recipient with ganciclovir if GvHD occurs in a 
study reported by Bonini ettf/J^' this strategy tToved 
to bo ibie to control GvHD in 3 patients expor er\ mg 
this . amplication after DLI; two of them I^ad 
ach i-.ed a complete hematologic remission- hf-tore 
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gancicloviradministration, remained in full remission 
after disappearance of the transduced lymphocytes. If 
confirmed in a larger number of patients with a longer 
follow-up, generic manipulation of donor lympho- 
cytes, through the transfer of a suicide gene for spe- 

> cific and selective elimination of effector cells respon- 
sible for GvHD, could demonstrate the possibility of 
separating GvHD from GVL effect, thus sparing the 

i anti-leukemia activity of DLI. 

One of the most important, still unsolved problem 
of DLI is that concerning the much tower efficacy of 
GVL in patients with acute leukemia than in those 
with CML An immediate explanation for this obser- 
vation may be that the more rapid growth kinetics of 
blast cells, which occurs in patients with acute 
leukemia during the lag period between leukocyte 

I infusion and GVL development, may hamper the 
immune-mediated effect played by donor lympho- 
cytes in controlling disease progression. In fact, 
response to DLI occurs after weeks and hence the 
exponential expansion of leukemia cells in vivo may 

I exceed the immune response. The more 
encouraging results obtained when DLI is used as con- 
solidation therapy for patients who have obtained a 
complete remission after chemotherapy provide sup- 
port for this interpretation. However, other hypothe- 
ses, involving different intrinsic susceptibility of acute 
leukemia to adoptive immunotherapy must be con- 
sidered. In particular, since patients with ALL have 
the lowest chance both of responding to DU and of 
benefitting from the GVL effect after bone marrow 
transplantation,'^'' a peculiar resistance of lymphoid 
leukemia to immunotherapy cannot be excluded. 

As peptides differenttally expressed within the 
hematopoietic system can trigger and act as a target 
of the GVL reaction,^ it could be hypothesized 
that, for example, the presence of these antigens on 
myeloid blasts, but not on lymphoid leukemia cells 
accounts for the low response of ALL to donor lym- 
phocytes. The reported demonstration of CTL 
response directed towards peptides derived fr-om pro- 
teinase 3, which is expressed by myeloid cells (includ- 
ing blast cells), is a typical example of the possible 
differential susceptibility to the immune-mediated 
anti-leukemia effect of different types of hematolog- 
ic malignancies- 
Several other possibilities exist to explain why acute 
leukemia (and in particular ALL) can escape the GVL 
effect. For example, leukemia cells may have defective 
expression of HLA-class I or It molecules on their sur- 
face such that they do not present antigens or, alter- 
natively, the mechanisms of antigen processing and 
transport may be impaired. Moreover, leukemia 
blasts may product cytokines (such as transforming 
growth factor ^, IL-10) capable of suppressing T-cell 
activation, expansion and effector function or may 
express on their cell surfac e molecules, such as FAS lig- 
and, able to mediate I rel! apoptosis.'^^-'^' One of 
the most interesting fteids of investigation for cxplain- 
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ing why in some patients a sustained anti-leukemia \ 
response in vivo feils to be induced is that of co-stim- 
ulatory molecules. As previously described, full acti- 
vation ofT-cells requires two distinct but synergistic 
signals.'^* In fact, in the absence of co-stimulatory i 
signals, a T-cell encountering an antigen becomes 
unresponsive to the appropriate stimulation (aner- 
gic)'-^^ or undergoes programmed cell death (apop- 
tosis)."^ Leukemia cells lacking these co-stimuiatory 
molecules have a poor capacity of inducing a T-cell 
specific immune response and induction of CD80 and 
CD86, by signalling through the CD40 molecule, is 
able to restore T-cell co-stimulation via CD28 and to 
generate both allogeneic and autologous CTL, which 
could contribute to inducing or maintaining a state of 
hematologic remission J^"*^"" 

Some clinical strategies have been devised to 
improve the efficacy of adoptive immunotherapy in 
patients with acute leukemia. An approach for ame- 
liorating the efficacy of DLI which has produced inter- 
esting results is that recently reported by Slavin et al. , '"'^ i 
who documented that the success rate of this adop- 
tive immune therapy may be increased in patients with 
both acute and chronic leukemia by activation of 
donor peripheral blood lymphocytes with IL-2 both in 
vivo and/or in vitro. In particular, a relevant proportion 
of patients who had not responded to DLI were 
induced into remission only after in vivo administra- 
tion of IL-2 or in vitro activation of donor lymphocytes. 
If further confirmed, the results obtained make it pos- 
sible to hypothesize that this strategy could be 
employed as first-line treatment of patients with acute 
leukemia relapsing after an allograft, since ALL and to 
a lesser extent AML patients do not greatly benefit 
from DLI alone. Another reasonable attempt for 
improving the response to DLI in patients with acute 
leukemia is to use this adoptive immunotherapy in 
individuals with minimal residual disease, as deter- 
mined by cytogenetic investigations or sensitive mole- 
cular tools, that is in conditions characterized by a | 
limited tumor burden, in which the GVL effect has j 
demonstrated its greatest efficacy. ; 

Unmanipulated DLI may also provide a means of ; 
compensatory T-cell repletion for the prevention of 
leukemia recurrence m patients given a T-cell deplet- 
ed marrow transplantation from a relative. This 
approach has been recently proposed^''^ and studies 
enrolling larger cohorts of patients are necessary to 
define whether this strategy can be useful to prevent 
the increased risk of relapse associated with the 
removal of donor ! ( tflls. However, the main indica- 
tion of adoptive tn^jsion of donor immune cells to 
accelerate immurtp reconstruction after HSCT is 
transplants from HL\ disparate family donors. InfiJ- 
sion of a high numinr of T-cell depleted, peripheral 
blood hematopoit ! k ^>r(.)genitors from these donors 
has been demonsr -itrd ro be associated with a high 
chance (>95%) of J.>nor hematopoietic engraft- 
ment.'**^ The sigriifi; (m; delay in immune rcconstitu- 



tion, due mainly to removal of mature T-cells from 
donor marrow and HLA disparity between donor and 
recipient, remains the major problem of HSCT from 
HL7\-disparate donors. In fact, it is responsible for 
the dramatic incidence of leukemia relapse and life- 
threatening viral and fungal infections observed after 
this type of HSCT. A possible strategy to improve the 
process of immune recovery is to infuse donorT-lym- 
phocytes selectively rendered non-reactive towards 
alloantigens of the recipient, but maintaining the 
capacity to generate an immune response against 
viruses, fungi and leukemia cells. In this regard, as 
previously mentioned, the manipulation of co-stim- 
ulatory molecules is an extremely promising field of 
investigation, since the absence of a second signal 
induces anergy rather than aaivation of T-lympho- 
cytes. Drugs and monoclonal antibodies blocking co- 
stimulatory pathways have been demonstrated to be 
able to prevent T-cell activation in response to 
alloantigens and to induce a state of anergyJ^' In 
particular, it was recently documented that the com- 
bination of monoclonal antibodies blocking 
CD80/CD86 molecules and cyclosporin A was able 
to generate a state of selective in vitro unresponsive- 
ness ofT cells towards allo-antigens, not reversed by 
adding IL-2J^'' Since the induction of this state of 
unresponsiveness was associated with the mainte- 
nance of f>? vitro capacity to respond toward virus anti- 
gens and leukemia cells, ^''^ the relevance of this 
approach is evident for strategies of donor Tcel! add- 
back after T-cell depleted transplant of hematopoi- 
etic progenitors from HLA-partially matched donors 
atmed at accelerating the process of immune recon- 
stiLution. 

A different, but equally promising, method of dele- 
tion of unwanted alloresponses is based on the elim- 
ination of alloreactive T-cells after specifc activation 
through their killing^'^ or fluorescence- activated cell 
sorting,'''^ while sparing T-cells with other functions. 
In a human pre-clinical study, it was demonstrated 
rhrit allospecific T-cell depletion by using an immuno- 
[oxin directed against the p55 chain of !L-2 receptor, 
feasible and specific.^'** The spared T-cells were 
still able to proliferate against third-party cells, Can- 
dida and cytomegalovirus antigens, as well as to 
kill both leukemia blasts and autologous EBV-B lym- 
phoblastoid cell lines. ^""^ Moreover, in vnv studies in 
a munne animal model showed that this particular T- 
( c!l depletion was efficient, at least partially, in pre- 
venting both graft rejection and CvHD in a complete 
tfapiotype mismatched combination ' 

F mally a brief mention should be made ofthe gen- 
eration and infusion of7-cells with suppressive and 
regulatory activity. A particular subset of these cells 
frilled Trl has recently been described by Groux et 
di . who in an animal model demonstr:ited the abil- 
::v Of this population to prevent, through rheir activ- 
ity or^ naive cells, the occurrence of cvo albumin 
ii iiictd inflammatory bowel disease VVl - ther these 
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cells will have a role in promoting a crue state of tol- 
erance in transplant ofhematopoietic progenitors or 
solid organs (in which the immune response to 
alloantigens is mainly sustained by memory cells) 
remains to be proved in specific pre-clinical and clin- 
ical studies currently underway. 

Ackiptive Imitiunottierapy for the treatme^ 
of viial infections in immunoGompromised 
patients 

Prevention or treatment of viral infections in 
immune-compromised patients through the infusion 
of specific T-celt lines or clones is one of the most 
sophisticated examples of adoptive immunotherapy 
approaches.^" In feet, it implies the elaboration of 
true cellular-engineering strategies able to generate, 
select and expand lymphocyte subsets, which display 
a specific fijnction. The first study in humans to eval- 
uate the efficacy of adoptively transferred T-cell clones 
for reconstitution of specific immunity was performed 
in recipients of allogeneic HSCT at risk of developing 
human cytomegalovirus (HCMV) infection and/or 
disease.'" Even though pre-emptive therapy of HCMV 
infection based on monitoring of antigenemia''*'* and 
prophylaxis of seropositive HSCT recipients using 
antiviral drugs (i.e. ganciclovir and foscarnet)^ " have 
significandy reduced the number of patients experi- 
encing HCMV disease, this viral infection still repre- 
sents a major life-threatening complication of stem 
cell allograft:, The capacity to recover fi-om a severe 
HCMV infection in transplanted patients is directly 
correlated with the ability of the host to generate 
virus-specific class I HLA-restricted CDS* cytotoxic 
cells and during the first 1 00 days aftier HSCT approx- 
imately 50% of patients are persistently deficient in 
CDS* cytotoxic T-lymphocytes specific for 
HCMV.'^^'i" It is not surprising that, to evaluate the 
efl^cacy of adoptive immunotherapy in this viral infec- 
tion, HCMV-specific CD8* T-cell clones of donor ori- 
gin were generated and infijsed in HSCT recipi- 
gp^5 153,158 These cells, generated through a highly 
complex expansion strategy using irradiated donor- 
ongin skin fibroblasts infected with a strain of HCMV, 
proved to be eflncient in the prophylaxis against 
HCMV infections that can complicate allogeneic 
HSCT. Moreover, the cloning strategy allowed selec- 
tion of T-cells which lacked significant alloreactive 
capacity and, thus, did not cause cl nically relevant 
GvHD or toxicity. These clones, directed towards 
cither pp65 or pplSO (two abundant viral tegument 
proteins presented for recognition by ( ytoioxic 7 - lym- 
phocytes), restored HCMV-sped^r cytotoxicity, 
which persisted for several weeks. ' !'i fact, through 
a PCR technique able to detect the V'^ .md V|3 T-cell 
receptor reanangements specific for t^he donor clones, 
ft was possible to prove the donor or y of these cells 
formally and to document the :irr .r.rt>nce of the 
adoptively transferred HCMV-sppf ^ re'ls for at • 



least 12 weeks. Unfortunately, these clones persisted 
in the circulation ar high levels only in patients expe- 
riencing an endogenous recovery of CD4' virus-spe- 
cific cells. ''^^ By contrast, in patient lacking this spon- 
taneous recovery of HCMV-specific CD4* lymphocyte, 
the donor-ongin, adoptively transferred cytotoxic T- 
cell activity progressively declined and eventually dis- 
appeared. This observation emphasizes the impor- 
tance of CD4' lymphocytes in promoting sustained 
restoration of antigen-specific immunity and suggests 
that the use of polyclonal T-cell lines containing both 
CD4' and CDS' cells could be preferable to the inftj- 
sion of cytotoxic T-cell clones. 

In this regard, the use of T-cell lines for prevention 
and/or treatment of Epstein-Barr virus-induced lym- 
phoproliferacive disorders (LPD) has represented a 
further, equally sophisticated, evolution of the 
approaches of adoptive immunotherapy for the 
restoration of virus-specific immunity. EBV-LPO have 
emerged as a significant complication for both HSCT 
and solid organ transplant recipients.'" In the for- 
mer cohort, the use of Hb^-partially matched family 
and unrelated donors, as well as selective procedures 
of T-cell depletion sparing B-lymphocytes, are risk 
factors for the development of EBV-LPD.^^°^" In 
HSCr recipients these disorders are of donor origin 
and usually present in the first 4-6 months afi:er trans- 
plantation, whereas in patients given a solid organ 
allograft they usually develop fi^om the recipient B- 
lymphocytes months to years after transplanta- 
tion.'""^^ High levels of EBV-DNA in blood and in 
wtro spontaneous growth of EBV-lymphoblastoid cell 
lines predict development of these lymphoprolifera- 
tive disorders. They oft;en present as high-grade dif- 
fuse large cell B-cell lymphomas, which are oligo- 
clonal or monoclonal and express the fijil array of 
EBV antigens including EBNA-1 through EBNA-6and 
the latency membrane proteins LMP-1 and LMP-2 J*^' 
The lymphomas which develop in immunocompro- 
mised hosts not only invade the hematopoietic sys- 
tem, but also the lung, nasopharynx and central ner- 
vous system. l"he therapeutic approaches proposed 
to date (i.e. discontinuation of immunosuppression, 
a-IFN, antiviral agents and cytotoxic chemotherapy) 
have been applied with varying, but overall unsatis- 
factory, results; moreover, graft rejection, GvHD and 
toxicity are frequent complications of these strate- 
gies, and mortaiity rate due to EBV-LPD remains 

high.'«,161 

Normal EBV seropositive individuals have a high 
fi^equencyofcirculntingvirus-specific cytotoxic T- lym - 
phocytes precursors, which control outgrowth of 
EBV-infected B-t ells Since EBV-LPD in immunocom 
promised hosts appears to stem fi-om a deficiency of 
virus-Specific cytotoxic activity, it is reasonable to 
hypothesize rh.ar an adoptive immunotherapy 
approach with donor derived T-lymphocytes could 
be able to prevt* n nchecked lymphoproliferation 
and eradicate est i'ilished disease. In 1994, the Sloan 
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seed t Keaering group first demonstrated that, through the 

xpe- I infusion of unselected peripheral blood mononuclear 

spe- 1 cells from a donor, 5 patients given HSCT with posi- 

3on- i transplant EBV-l.PD obtatned remission of the dis- 

cyte, . easeJ^'' However, this treatment was associated with 

icT- ; development of clinically relevant GvHD and 2 

dis- patients of inflammatory-mediated lung damage, 

por- I leading to respiratory failure. 

ined Afurther refinement of this approach was achieved 
jests by Rooney and colleagues, who generated EBV-spe- 
?oth cificT-cel! lines from donor lymphocytes and infused 
nfu- * them as prophylaxis against EBV-LPD in patients giv- 
en T-celi depleted HSCT from HLA-disparate family 
tion t or unrelated donors, and, thus, considered at high 
iym- f risk for this diseaseJ*^^ The infusion of these poly- 
ed a ' clonal T~cell lines proved to be safe and effective in 
the ; the prevention of EBV-LPD. Moreover, these cyto- 
the . toxic cells may also have a role in the treatment of 
lave ' established disease.'*^ The most recent update of this 
SCT I experience confirms that the infusion of EBV-specif- 
for- ic T-cell lines is highly effective for the prevention of 
mily , EBV-LPD, since none of 39 patients given a T-cell 
ures ; depleted allograft and treated with this adoptive 
risk \ immunotherapy developed the disease, as compared 
In \ to 7 out 61 transplanted patients not receiving the 
'igin i prophylactic treatmentJ^'^' Gene marking studies have 
ans- ^ shown the persistence of these donor-derived EBV- 
'gan specific cell cytotoxic lines in patient's peripheral 
It B- ' blood for months after infusion and their re-appear- 
nta- ance after periods of apparent non-identifiabilicydur- 
d in ing episodes of viral reactivation, this further stress- 
Icell ing the importance of helper T-cell function in the 
■era- _ persistence of transferred CDS' cells.'" 
dif- ' The profound immunosuppression necessary for 
igo- I graft survival candies a well-recognized predisposition 
y of ^ to the development of viral complications, in partlcu- 
and ( jar EBV-LPD, also in recipients of solid organ trans- 
2.'^' j plantation.'^" An immunotherapy approach to EBV- 
pro- j LPD using autologous in vitro generated EBV-specific 
sys- ;■ cytotoxic lines could be an appealing strategy in this 
ner- . cohort of patients. Support for this hypothesis is giv- 
)sed en by the recendy described, although not unexpect- 
ion, ' ed, possibility of generating, from pre-transplantati on 
ipy) blood samples of EBV-seropositive solid organ trans- 
«is- plant recipients, virus-specific T-cell lines which are 
and effective in controlling EBV replication post-trans- 
ate- plantation.'"'^ However, generation and storage of 
ains cytotoxic lines for each patient undergoing solid organ 
' transplantation requires enormous, unavailable levels 
ugh I of funding, laboratory facilities and workforce. A more 
ym- rational strategy is to generate, expand and infuse 
1 of ! autologous EBV-specific cytotoxic lines from the 
om- ' peripheral blood of organ transplant patients pre 
y of i senting inc reased EBV-DNA levels after transplanta 
? to j tion, which , as previously mentioned^ are a risk factor 
apy t for EBV-LPD development. The feasibility of generar 
)uld ■ ing autologous FBV-specific cytotoxic lines from the 
tfon • ; peripheral hio od of organ transplant patients rece v 
oan ing in mo in-f ufiositppression for prevention of gr.itt 



j rejection has been recently proved Moreover, these 
cytotoxic T-lymphocytes were demoni-trated to be able 
to display EBV-specific killing m vivo, as proved by 
prompt viral DNA clearance, without augmenting the 
probability of graft rejection. A peculiar problem, for- 
tunately not particularly common, is that of EBV- 
seroncgative patients, who develop primary EBV infec- 
tion after solid organ transplantation. In fact, in these 
patients, in vitro generation of virus specific T-cell lines 
able to control EBV-driven B-cell proliferation can be 
particularly complicated, time-consuming and some- 
times unsuccessful. 

Autologous EBV-specific cytotoxic lines with 
demonstrated anti-viral activity m vitro and in vivo may 
also have a role in the treatment of other EBV-asso- 
ciated primary malignancies: for example, 40-50% of 
patients with Hodgkln's disease tumor cells are EBV- 
antigen positive and may therefore be suitable targets 
for virus specific cytotoxic lymphocytes.'*^" A recent- 
ly reported study provides further support for this pos- 
sibility, documenting that, although more compli- 
cated than in normal donors, generation of EBV-spe- 
cific cytotoxic lines is feasible in a relevant proportion 
of patients with EBV-positive Hodgkin's disease.'^' 
These lines retained their potent antiviral effects in vivo 
and persisted for more than 1 3 weeks in patients with 
relapsed Hodgkin's disease. ' • ' Whether this approach 

; of adoptive immunotherapy will become an adjunc- 
tive treatment option for patients failing to gain ben- 
efit fi-om conventional chemotherapy remains to be 
proved in prospective clinical trials. 

Finally, it should be mentioned that adoptive trans- 
fer of cytotoxic T-cell response could be of value also 
in the prevention or treatment of other viral infec- 
tions that cause morbidity and mortality in immuno- 
compromised patients. In this regard, pre-clinical 
studies are underway to establish systems for gener- 
ating cytotoxic T-cell responses to adenovirus. 

Genetically engineered donor lympho- 
cyte infusion for treatment of leukemia 
relapse and as a means of accelerating 
immunolotf c reconstitution in patients 
given transplantation of hematopoietic 
progenttors 

Tumor recurrence is the major cause of treatment 
failure of autologous bone marrow transplanta- 
tion.'"'^* Indeed, the rate of tumor relapse is lower 
when transplantation is performed between matched 
unrelated or mismatched family member donor and 
recipients. It is now established that the curative 
potential of allo-BMT is represented by the additional 
eflFect of high dosechemo-radiorherapy m addition to 
the presence of allogeneic T-tymphocytes that are 
responsible for the GVL.'" However, the thera- 
peutic impact of allogeneic BMT :s limited by the 
inevitable occurrence of GvHD Severe GvHD can 
be circumvented by the in vitro ^-^Mnoval ofT-lympho- 
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cytesfrom the BMT,'" However, recipients of deplet- 
ed marrow have delayed immune recovery, and 
increased incidences of viral infections and tumor 
relapse.^'«>i^' 

Recent studies have shown the clinical efficacy of 
the adoptive transfer of immune effectors specific for 
viral antigens' in patients who underwent 
BMT. In this context gene transfer of a marker gene 
provides a means of evaluating the survival, homing j 
and efficacy of the infused cells. 

In marrow-transplanted recipients, lymphoprolifer- 
ative disorders associated with tBV, a human herpes 
virus that normally replicates in epithelial cells of the 
oropharyngeal tract, occurs in 5-30% of the treated 
patients. EBV-LPD are usually malignant B-cell lym- 
phomas of donor origin, which may be either poly- 
clonal or monoclonal. The latter have a rapidly pro- 
gressive, ftjiminating and fatal course.'*"-^^' The trans- 
formed B cells express virus-encoded latent cycle i 
nuclear antigens, latent membrane proteins, and a 
number of cell adhesion molecules. Most of these vira! 
proteins are recognized as antigens by the immune 
system of a normal individual. In the normal host, i 
in fact, EBV-induced lymphoid proliferation is con- 
trolled by EBV-specific and MHC-restricted T-lym- 
phocytes, MHC-unrestriaed effectors and by anti- 
bodies directed toward specific viral antigens. Since a 
limited number of specific cytotoxic T-lymphocytes is 
required for controlling EBV-transformed B-lympho- 
cytes in normal individuals, the administration of 
donor lymphocytes for the occurrence of EBV-LPD in 
recipients ofT-cell depleted bone marrow transplan- 
tation could control this severe complication by pro- 
viding the patient with donor immunity against 
EBV.^^'^*^' Successful regression of the disease, docu- 
mented histologically and by full clinical remission, 
has been achieved by the infusion of unmanipulatcd 
donor leukocytes.^*" However, acute or mild chronic 
GvHD developed In all the patients who responded to 
the treatment. 

To prevent GvHD, Brenner's group has evaluated 
the use of EBV-specific CTL rather than unmanipu- 
latcd T cells. Donor derived FBV-specific CTL have 
been generated in vitro by stimulation with irradiated 
donor-derived EBV-infected lymphoblastoid cell lines 
{LCL).^^The polyclonal effecror populations were 
predominantly CDS* with a varying number of CD4 * 
and showed specific cytotoxic activity toward the 
EBV-infected target cells. In order to investigate the 
long-lasting survival of the injected cells, the anti-EBV 
effectors were marked wuli the neo-gene before 
administration. 

Neo-marked cells were det'jcted in circulation for at 
least 10 weeks after the inien Mins,^"^ Moreover, the 
infusions allowed the estab tshrTte nt of a population 
of CFL precursors that coiJti activated to prolif- 
erate by in vivo or in vitro cliHilmge with the virusJ^ i 
The authors showed chat t hsv specific CTL lines 
expressing the neo-markt;r .ouid be derived fi'om . 



patient's peripheral blood lymphocytes (PBL) for up 
to 18 months, by in vitro restimulation with the autol- 
ogous EBV-lines."*^ 

These findings support a more widespread use of 
antigen-specific CTL in the treatment of infections and 
cancer. Their use may extend in the near future to oth- 
er diseases which express well-known antigens that 
could serve as target of CTL therapy (e.g. Hodgkin's 
disease and nasopharyngeal carcinoma). 

The adoptive transfer of m vitro stimulated effec 
tors achieves clinical results without causing the 
appearance of GvHD. However, the application of 
this strategy to a large number of allo-BMT treated 
patients, especially in prophylaxis protocols has some 
limitations related to the in vitro manipulation neces- 
sary for the generation of specific effectors (e.g. avail- 
ability of donor-EBV lines; in vitro stimulation and 
expansion of antigen-specific effectors). An alterna- 
tive approach was proposed in 1994 by the S. Raf- 
faele Hospital group. Their protocol was aimed 
at maintaining the potential of the infusion of poly- 
clonal ceil lines while providing a specific means to 
control acute GvHD. To this aim they transduced 
donor lymphocytes by a retroviral vector containing 
a suicide gene for in vivo selective elimination of the 
infused lymphocytes. 

It was previously shown that introduction of a gene 
encoding for a susceptibility factor, a so-called suicide 
gene, makes transduced cells sensitive to a drug not 
ordi nari ly toxic . ' ^'''^ ^ A series of retrovi ral vectors car 
rying a suicide gene for ganciclovir-mediated in vivo 
selective elimination of the infused lymphocytes was 
designed. The vectors carried either an HSV-thymi- 
dine-kinase-neo (Tk-neo) fijsion gene, coding for a 
chimeric protein for both negative and positive selec- 
tion, or the HSV-Tk gene alone.''^' 

A crucia' prerequisite for the application of this 
strategy in the clinical context is the transduction of 
all infused donor lymphocytes. For this purpose, the 
designed retroviral vectors also carried a gene encod- 
ing a modified (non-functional) cell surface marker 
not expressed on human lymphocytes. Positive im- 
munoselection of the transduced cells^™ by the use of 
the cell surface marker resulted in virtually 100% 
gene-modiftcd lymphocytes. 

Based upon the preclinical data described above, 
a clinical protocol was developed"** for the use of 
donor lymphocytes transduced by the SFCMM-2 
retroviral vector for transfer and expression of two 
genes: the HSV-Tk gene that confers to the trans 
duced PBL m vivo sensitivity to the drug ganciclovtr, 
for in VIVO specific elimination of cells potentially 
responsible for GvHD; and a modified (non-func 
tional) form of the low affinity receptor for the nerve 
growth fai lur gene (ALNGFr), for/'n vitro selection of 
transduini ^ells and for in vivo follow-up oi tht- 
infijsed donor lymphocytes. 

Incre.i^i'ij doses (beginning at 1 x lOVkg) of do lor 
PBL wt rr ntused inco several patients affecrpd t)y 
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hematologic malignancies who developed severe 
complications followtng a T-cell depleted BMTfrom 
their ULA-identical related donors. After the infusion, 
the transduced lymphocytes could be detected in the 
blood of patients bycytofluorimetric and PCR analy- 
ses. In particular one patient affected by an EBV-LPD, 
showed a progressive increase in the number (up to 
1 3 .4% of the total PBL) of infused marked lympho- 
cytes thai was accompanied by a complete clinical 
response. However, signs of acute GvHD, confirmed 
by skin biopsy, were observed approximately four 
weeks after the infusion of the transduced-donor lym- 
phocytes. The intravenous (i.v.) administration of 
two doses of ganciclovir (10 nig/kg/day) quickly 
resulted in elimination of marked donor PBL, and 
near resolution of all clinical and biochemical signs 
of acute GvHD. 

As mentioned before, when comparable prepara- 
tive regimens are employed, the rate of tumor recur- 
rences after autologous BMT is significantly higher 
than the rate observed after allogeneic BMT. GvHD 
develops in 50-70% of patients undergoing allogene- 
ic BMT. The effectors of such response are thought 
to be mature donor lymphocytes from the marrow 
graft that respond to the foreign major and/or minor 
histocompatibility antigens of the recipient and also 
recognize and destroy the tumor cells. In fact, 
patients who underwent mature T-cell-depleted allo- 
geneic BMT have a lower rate of GvHD but also a 
higher rate of leukemia relapses. 

The infusion of donor lymphocytes, early after T- 
cell-depleted allogeneic BMT, increases the incidence 
of GvHD without improving the control of 
leukemia. However, a delayed transfusion of donor 
lymphocytes, when graft tolerance is established, 
seems ro be more effective in preventing and treating 
tumor relapses. 

Indeed the delayed administration of donor lym- 
phocytes has recently become a new tool for treating 
leukemic relapse after BMT. Patients affected by 
post-BMT recurrence of chronic myelogenous 
leukemia, acute leukemia, lymphoma, and multiple 
myeloma could achieve complete remission after the 
infusion of donor leukocytes without requiring cyto- 
reductive chemotherapy or radiotherapy, ' 
even though the response rate of patients with jicute 
leul-emia, non-Hodgkin's lymphoma and multiple 
myeloma is significantly lower than that of patients 
affected by chronic myelogenous leukemia. Although 
the (]elay in the administration of T-lymphocvtes is 
expected to reduce the risk of GvHD, this risk is still 
present at higher doses of donorT-cells.^ Ttier e fore, 
as described above, a clinical protocol w devel- 
opeci, for the use of donor lymphocytes tr.ins.hiced 
by tiie SFCMM-2 retroviral vectors^ for t ran '^r-T And 
expression oFthe HSV-Tk gene, and the ceil ..j-fdce 
mar'-ef AL NGFr, for in vitro selection of Iflf) ' ' ns 
duc'd cells and for in vivo follow-up of th: • ' . ;rd 
don J- iv rnphocytes.''**' 



In a phase l-ll study, etght patients affected by 
hematologic malignancies who developed severe 
complications following an allogeneic T-cell depleted 
BMT, received escalating doses of donor PBL trans- 
duced by the described retroviral vector.''" After gene 
transfer, transduced cells were selected for the expres- 
sion of the cell surface marker ALNGFr by the use of 
specific immunobeads and the proportion of trans- 
duced cells was assessed by cytofluorimetric analy- 
sis. ^''^ In this study, we made the following observa- 
tions: 1) transduced cells sun/ived long-term in vivo 
and were detectable by cytofluorimetric analysis and 
PCR in high proportions (up to 1 3.4% of circulating 
PBL) and long-term (up to 6 months); 2) three 
patients showed complete response, three patients 
had partial response, one progressed with no 
response, and one patient could not be evaluated; 3) 
three patients developed GvHD that required ganci- 
clovir treatment; 4) ganciclovir-mediated elimination 
of transduced cells resulted in near resolution of all 
clinical and biochemical signs of acute GvHD. Data 
from this study^^^ indicate that genetically modified 
cells maintain their in vivo potential to develop both 
anti-tumor and GvHD effect, and may represent a 
new potent tool for exploiting anti-tumor and anti- 
host immunity, while providing a specific means for 
eliminating acute GvHD, in the absence of any 
immunosuppressive drug. 

A potential limitation of the clinical approaches 
described could be the development of a specific 
immune response againrt vector-encoded proteins, 
which might allow the selective elimination of the 
transduced celts by the host immune system. For 
some gene products, such as the hygromycin-thymi- 
dine kinase (Hy-Tk) fiision protein, a specific immune 
response, able to eliminate large numbers of trans- 
duced cells in less than 48 hours, has been described 
in HlV-paticntsJ*5 

We observed that immune recognition and killing of 
cells transduced by retroviral vectors is a more gener- 
al phenomenon related to the foreign nature of the 
proteins expressed by the injected cells. Indeed, cells 
expressing the widely used marker gene neo and the 
HSV-Tk gene are targets of a strong immune response, 
while the endogenous proteins (e.g. the cell surface 
marker ALNGFr) are not recognized, even if ectopi- 
cally expressed in a context which is otherwise 
extremely immunogenic The relative immuno- 
genicity detected for the rhree vector-encoded com- 
ponents (none by ALNCjf >, low by HSV-Tk, high by 
neo) clearly outlined the modifications of this type of 
gene therapy. Since neo i , the only component not- 
strictly necessary for the -.rr^regy and can be effica- 
ciously replaced by the surface marker for all in vitro 
handling and selection, ' rhe immunogenicity of 
the new neo- 1 ess vectors shotjld be reduced. 

The clinical results ohr iined with gene modified 
donor lymphocytes, forthr r'eatment of hematolog- 
ic relapses and EBV-lym;>hoproliferative disorders. 
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suggest the potential use of this approach. '^^ The 
transfer of a suicide gene, chat allows selective and 
specific elimination of effector cells of GvHD may 
allow full advantage to be taken of the beneficial 
effect of allogeneic lymphocytes with the possibility 
of eliminating all unwanted efTects of CvHD in the 
absence of toxic side effects. A large scale applica- 
tion of this strategy will increase the number of 
patients who could potentiall/ benefit from allo- 
geneic BMT by allowing the use of less compatible 
marrow donors. 

With regard to the immune recovery associated with 
the genetically-engineered donor lymphocytes, our 
group has recently obtained in vitro data demonstrat- 
ing that genetically-engineered donor T-cells maintain 
a nomial TCR Vp immune repertoire and retain anti- 
gen-specific lytic activity against an allogeneic target or 
an autologous EBV cell line at cytotoxic T-cell precur- 
sor frequencies comparable to unmodified lympho- 
cytes. In the light of this in vitro evidence, and our pre- 
vious clinical application/'- a clinical trial, based on 
the prophylactic infusion of 1 xlOVkg HSV-Tk trans- 
duced T-cells six weeks after T-cell-depleted bone mar- 
row transplantation, was developed. In the first five 
treated patients we documented the presence of vari- 
ous proportions of transduced cells in the peripheral 
blood. In particular, genetically-engineered donor lym- 
phocytes were responsible for an ti -viral immune recon- 



stltution in one patient. CD3* lymphocytes began to 
appear in the circulation of this patient two weeks 
after the infusion of HSV-T1< T-cells. All the CD3* lym- 
phocytes were genetically engineered as documented 
by the expression of the cell surface marker AL NCFr 
These cells retained a polyclonal TCR repertoire and 
were probably responsible for the clearance of a per- 
sistent CMV antigenemta. Indeed, the CMV antigene- 
mia dropped below levels which could be detected by 
PCR shortly after the appearance of circulating genet- 
ically-engineered CD3* T cells in the absence of any 
antiviral drug therapy.^'* These data, if confirmed in a 
larger number of patients with longer follow-up, sug- 
gest that in addition to the anti-tumor activity, the 
infusion of genetically-engineered donor lymphocytes 
may play a role in restoring immunity against oppor- 
tunistic infections early after allogeneic BMT. 

Dendritic cells as natural adjuvants in 
cancer Immunotherapy 

Among professional antigen presenting cells (APC), 
dendritic cells (DC) are specialized in capturing and 
processi ng antigens into peptide fi-agments that bind 
to major histocompatibility complex molecules. DC 
are the most potent stimulators of T-cell responses 
and the/ are unique in that they stimulate not only 
memory but also naive T-lymphocytes. Thus, DC 
appear critical {nature adjuvants) for the induction of 
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B-and T-cetl-mediated imnnune responses. Recent 
evidence in experimental models supports the role of 
DC for immunization strategies aimed at stimulating 
specific anti-tumor immunity. 
In this section we will briefly review: 

1 . the biological characterization of DC; 

2. different strategies for w vivo generation of DC; 

3. methods for the efficient delivery of tumor associ- 
ated antigens (TAA) to DC; 

4. the use of DC fbr cellular immunotherapy. 

Biological characterization of dendritic cells 

DC are widely distributed in the body and arc par- 
ticulary abundant in tissues that interface the envi- 
ronment (i.e. Langerhans ceils in the skin and 
mucous membranes) and in lymphoid organs (inter- 
digitating DC) where they act as sentinels for incom- 
ing pathogens. Inflammatory signals such asTNF-a 
and IL-1p as well as bacteria, bacterial products 
(LPS) and viruses induce migration of antigen-loaded 
DC from the peripheral tissues to secondary lym- 
phoid organs. During migration, DC mature and 
upregulate MHC, adhesion and co-stlmulatory mol- 
ecules, thus strongly augmenting their ability to prime 
T-cells.'^^-^"" 

The functional activity of DC derives from a num- 
ber of properties of these cells (Figure 2). Their den- 
dritic shape, along with the high level of expression of 
certain adhesion molecules and integrtns (LFA-3, 
ICAM-1 , ICAM-3), Increases the area of contact with 
the effector cells of the immune system. ^''^ DC strong- 
ly express the HLA class II molecules -RD, -DQ and - 
DP and co-stimulatory molecules (CD80, CD86 and 
CD40) which activate their ligands on T-cells {CD28, 
CTLA-4 and CD40L), thus providing the second signal 



strictly necessary to induce a proliferative response, 
rather than tolerance, upon antigen recognition.^'^ In 
addition, DC produce a number of cytokines Includ- 
ing IL-12 which promotes a cytotoxic immune 
response by inducing the differentiation ofTHO cells 
to IFN-7 and IL-2 producing TH1 cells.^'^-^"' It has 
recently been demonstrated that upon Ag recogni- 
tion, T-helper cells activate DC via CD40-CD40L 
Interaction and activated DC are then able to trigger 
a cytotoxic response fi-om T-killer cells.^^«-^'° 

However, DC are present in peripheral tissues In an 
immature state unable to prime T-cells. At this stage of 
differentiation, they can ve^ efficiently take up soluble 
antigens, particles and micro-organisms by phagocy- 
tosis, macroplnocytosis or by the macrophage man- 
nose receptor, Fc7 and Fee receptors,^" but they lack 
all the accessory signals forT-cell activation. Antigen 
uptake induces DC to maturation by up-regulating 
MHC and co-stimulatory molecules as well as DC- 
associated Ag (e.g. CD83 and p55) whereas the 
capacity to capture and process Ag is lost. However, 
full activation of DC is dependent upon the contact 
with T-cells by the CD40-CD40L interaction which 
induces the production of IL-12, Thus, the key func- 
tions of DC (antigen uptake, T-cell stimulation) are 
strictly segregated to subsequent stages of differenti- 
ation (Figure 3). It is noteworthy that IL-1 0^^- and vas- 
cular endothelial growth factor (VECF), secreted by 
cancer cells, prevent the maturation of DC thus 
Inhibiting the efficient priming ofT-cells. 

Different strategies for the generation of DC 
ex vivo 

Circulating CD14* monocytes represent the most 
readily available source of DC if incubated with appro- 
priate cytokines such as GM-CSF, IL-4 and TNF-a.^"'' 
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Figure 3. Functional proper- 
ties of dendrtttc cells at dif- 
ferent stages of differentia- 
tion. Pattwgens or Inflam- 
matory cytokines Induce 
the maturation of dendritic 
cells wtfleh become activat- 
ed upon interaction with T 
cells via CD4&CD40L. 



HaerT),noto^ca vol. 84.(1 2): December 1999 



Materia' 



cted by copvTigFfTaw(Title "17 



1128 



C. Bordlfnon at al. 



^'^ Moreover, DC precursors have been isolated with- 
in the CD34* cell fraction in bone marrow, cord blood 
and steady state or mobilized peripheral blood. 
Also in this case the differentiation of CD34' cells into 
fully functional DC is strictly dependent upon stimu- 
lation with certain cytokines such as GM-CSF,TNF-a, 
SCF, FLT3-L and IL-4. An extensive review of the dif- 
ferent types of human DC and their ex vivo generation 
is beyond the scope of this chapter. However, in view 
of the clinical use of DC a few critical points should be 
stressed. GM-CSF and IL-4 induce the differentiation 
of non-proliferating CD14' monocytes to immature 
DC with a low level of expression of CD83 and p55 Ag 
and are largely incapable of priming naive T-cells. 
These immature DC are not fully differentiated and 
revert to an adherent state if the cytokines are removed 
from the culture medium.^^^-"The addition of inflam- 
matory cytokines such asTNF-a, IL-ljS or PGE2 for 1- 
2 days to the medium containing GM-CSF and IL-4 
promotes the maturation of DC and increases the abil- 
ity of stimulating T-cells. A potential bias toward the 
clinical use of this culture system is the requirement of 
fetal calf serum (FCS), a xenogenic protein that is con- 
traindicated for human use. An innovative culture sys- 
tem for the generation of mature and functional DC 
from circulating monocytes that uses FCS-free condi- 
tions has recently been described."^ -" In this system, 
adherent peripheral blood (PB) cells are cultured for 
6-7 days with GM-CSF and IL-4 in the presence of FCS, 
which is then washed out, and subsequently exposed 
to macrophage-conditioned medium (Mo-CM) and 
1-5% autologous plasma for 1 -3 days. Mo-CM is very 
eflficient in inducing the terminal maturation of DC 
and is prepared by growingT-cell-depleted PB cells on 
immunoglobulin (Ig)-coated Petri dishes for 24 hours. 

Taken together, these findings lead to the conclu- 
sion that immature DC generated from CD14" cells in 
the presence of GM-CSF and IL 4 are well equipped 
for capturing and processing soluble TAA. However, 



they do require a further maturation stimulus (Mo- 
CM, TNF-a) to exert their stimulate^ effect on T- 
cells. Immature DC are the ideal targets for genetic 
manipulation using viral or bacterial vectors which 
infect non-replicating cells (see below). In this case, 
the modified pathogens can induce by themselves the 
full maturation of DC. In alternative, mature DC 
could be used in vaccination protocols involving TA 
peptides as DC also prime T-cells to foreign Ag that 
bind directly to MHC molecules without prior pro- 
cessing.^^'' 

As reported above, CD34' cells can be induced to 
differentiate into fully functional DC which resemble 
cutaneous Langherans cells.^^^ The issue of the large 
scale production of DC from CD34 precursors has 
been discussed in detail elsewhere.' However, very 
recendy the phenotypic and functional characteristics 
of DC derived from CD34' cells mobilized into PB or 
from BM progenitors have been formally compared. 
The published results indicate that C-CSF mobilizes 
DC precursors (CFU-DC) with an increased frequen- 
cy and a higher proliferative capacity than their BM 
counterparts. This finding translates into a higher 
number of mature DC generated in liquid culture. 
Despite pre-treatment with G-CSF, these cells main- 
tain the same functional capacity of stimulating allo- 
geneic T-cells as BM-derived DC. CD34 cell-derived 
DC are also capable of processing and presenting sol- 
uble Ag to autologous T-cells for both primary and 
secondary immune responses. The potential clinical 
usefulness of autologous serum in place of FCS^^° was 
also confirmed in the same study. Of note, IL-4 was 
shown to be capable of modulating DC differentia- 
tion from bipotent CD34* cells during the later stages 
of the culture as previously demonstrated for mono- 
cyte-derived DC."'' Thus, mobilized CD34^ cells may 
represent the optimal source for the generation of DC 
for cancer immunotherapy rather than BM precursors. 
Very recent data indicate the mobilization of large 
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numbers of DC precursors by GM-CSF' '^ and FLT- 
However, it remains to be established whether 
circulating CD34* elements are an equivalent source of 
DC to CD! 4* monocytes. In this view, it has recent)/ 
been demonstrated"^ that CD34- ceil-derived DC are 
more efficient than monocyte-derived DC, from the 
same patients, in stimulating a specific CTL response 
to Melan-A/Mart-1 peptides. 

Delivery of TAA to DC 

Several methods for the efficient delivery ofTAA to 
DC have been described so far (Figure 4). Their ratio- 
nale is based on the finding that tumor cells are often 
poorly immunogenic due to the lack of T cell recog- 
nition, aaivation and co-stimulacion typical of pro- 
fessional APC. To this end, Gong etal. ""^ fused murine 
DC with the carcinoma cell line MC38 to provide 
tumor cells with the functional characteristics of DC. 
The fijsion cells showed all the phenotypic features of 
DC and were shown to be capable of preventing 
tumor growth when the mice were challenged with 
the cell line. Moreover, treatment with fusion cells 
induced the rejection of pulmonary metastates. 

Several TA peptides which are presented to T-cells 
in association with HLA class I molecules have been 
recently identified and proved to be useful in stimu- 
lating an autologous CTL response in vitro and in mo. 
However, pulsing DC with peptides may not be opti- 
mal for clinical application because of the strict MHC 
restriction of the immune response and their limited 
stability. In addition, pulsing with peptides may not 
induce a T-cell response directed toward tumor cells 
expressing the relevant Ag. Although DC can be 
loaded with a cocktail of peptides from different Ag 



derived from the same type of cancer (see below), 
this vaccination approach is likely to limit patient 
selection on the basis of HU\ phenocype. An attrac- 
tive alternative is the use of unfractionated tumor- 
derived proteins, when available {see below), apop- 
totic cells^^' or tumor lysates. In the last case the obvi- 
ous disadvantage is the possibility of inducing 
immune responses against self-Ag expressed in tis- 
sues other than tumor cells. 

A further possibility is the transduction of DC with 
expression vectors encoding for TAA genes (Figure 4). 
DC can be engineered by different means which differ 
in their capacity of targeting quiescent cells, stable 
integration in the genome, infection efficiency and 
stimulation ofanti-tumor immunity (Figure 5). Retro 
virally-transduced DC constitutively express the rele- 
vant sequence and are potent stimulators of a specif- 
ic T-cell response."^ However, retroviral vectors have 
a relatively low efficiency of transduction, they can only 
infect actively replicating cells and carry the theoreti- 
cal risk of oncogenic transformation of target cells. 
Conversely, adenoviruses infect both quiescent and 
proliferating cells and do not integrate into DNA.^" 
Moreover, supematants with a high titer of the virus 
can be easily obtained. Recently, DC have been trans- 
duced with an adenovirus combined with cationic 
liposomes showing an infection efficiency close to 
100%."" The major limitation to the clinical use of 
adenoviruses is their high immunogenicity which 
induces the production of neutralizing antibodies and 
the rapid development of CTL directed at infected 
cells. 

Vaccinia virus vectors are not oncogenic, do not 
integrate into genome and can be manipulated to 
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carry large fragments of heterologous DNA.*" How- 
ever, these viruses are toxic for target celts and the 
viability of DC is approximately 50%. Nonetheless, 
antigen-specific inhibition of tumor growth has been 
observed in murine models using vaccinia vectors 
encoding for CEA and Mucin-1 ."6"^Two phase I 
clinical trials have been conducted to assess the safe- 
ty of vaccinia virus vectors engineered to express HPV 
and CEA genes and to asses their capacity of stimu- 
lating an immune response."*"'' More recently, mat- 
uration of DC with neo-biosynthesis, translocation 
and stabilization of MHC molecules on the cell sur- 
face and efficient induction of both CD4 and CDS T- 
cell activation has been induced by infection with 
bacterial vectors.^^° As a result, a model Ag (ovalbu^ 
min) expressed on the surface of recombinant Stre/f- 
tocoao Cordonii, is processed and presented on MHC 
class I molecules lO** times more efficiently than sol- 
uble OVA protein. Therefore, bacterial vectors are 
potentially useful means of delivering exogenous Ag 
to DC for stimulating a tumor-specific CTL response. 
A different approach has been taken by Boczkowsky 
et al."^^ who transfected DC with the total RNA 
extracted from tumor cells and combined It with 
cationic lipid to enhance the infection efficiency. Sim- 
ilarly CO the use of tumor lysates, this strategy can be 
applied in those situations in which a tumor-specif- 
ic antigenic marker is lacking; the major concern is 
the increased risk of autoimmune reactivity. 

DC for cellular immunotherapy 

The central role of DC in stimulating a tumor-spe- 
cific immune response is well established in vitro and 
in vivo in animal models."^'^''"^*^ Whereas murine DC 
pulsed with TA-proteins or peptides or transduced 
with TAA genes have induced both the rejection of 
challenge tumor cells and the regression of estab- 
lished cancers, it remains to be determined which of 
the several strategies proposed for cellular immu- 
notherapy IS the most efficient. It may well be that dif- 
ferent tumors require different approaches. 

In humans, initial studies were performed in 
patients with melanoma using DC pulsed with MAGE 
peptide.- 'The infusion of loaded DC induced the 
migration of MACE-specific CTL to the site of injec- 
tion and increased the frequency of circulating 
tumor-speciFic CTL More recently, Nestle et al. 
have treated advance stage melanoma patients with 
intranodal injection of peptides or tumor lysates 
pulsed DC according to the HLA profile of the 
patient The authors reported the stimulation of a 
peptide specific T-cell response in all cases. More 
over, in 5 16 patients an objective clinical response 
was observefi In this study, DC were generated p.^ vivo 
from monoryre precursors in the presence of H and 
GM-CSF .ind directly injected into an inguinal yniph 
node to riMch T-cell rich areas. 

Tumo'^ sfH'ci^ic peptides (fragments of prostata ■ 
cific ar^ii>i(-i PSA) have also been used to puke 



ogous DC tn prostate cancer patients refractory to 
hormone-therapy."" Seven out of 5 1 patients showed 
a partial response while none of the patients in the 
control group, Injected witfi peptides alone, showed 
any clinical benefit. In B-cell malignancies, the 
patient-specific idiotype (Id) gene sequence and its 
protein product represent the optimal targets for vac- 
cination strategies as previously shown in murine 
models"^-" and humans. -"^^ Hsu eta/."-' have report- 
ed on the treatment of 4 patients with low-grade non- 
Hodgkin's lymphoma (NHL), resistant to conven- 
tional chemotherapy or who had relapsed, with DC 
pulsed with the Id as soluble antigen. A tumor-specific 
T-cell-response was observed in all cases coupled, in 
one case, with the regression of tumor burden. At the 
time of writing, 16 patients have been treated and a 
tumor-specific cellular response has been found in 8 
individuals (/?. Levy, personal communication). The same 
strategy of targeting the Id has been proposed by the 
same group for inducing a T-cell immune response in 
multiple myeloma patients."'' 

In contrast to the strategy used by Nesde etal.^'*^ in 
this preliminary trial DC were freshly isolated from the 
; PB by subsequent enrichment steps and were reinfused 
I intravenously. Although a much larger number of DC 
were injected in NHL patients compared to melanoma 
patients (3-20x10^ DCvs 1 < 10*), this approach rais- 
es concerns about both the efficacy of uncultured PB 
DC of efficiently stinnulating T-cells and the capacity 
of Id-loaded APC to reach secondary lymphoid organs 
to prime T-cells, escaping the entrapment of the pul- 
monary apparatus. 

Future directions 

The few clinical data available so far have barely 
provided the proof of principle that autologous Degen- 
erated ex vivo and reinfused into cancer patients are 
effective in stimulating an anti-tumor immune 
' response. This is the result of the complexity of the 
interplay between different cellular populations 
involved in tumor immunity. In addition, cellular 
immunotherapy with DC has yet to be standardized. 
As mentioned above, crucial issues such as 1) the 
choice of the most suitable TAA to stimulate an 
immune response; 2) the use of soluble proteins/pep- 
tides or DC engineered with expression vectors; 3) 
the optimal source for the generation of DC and the 
number of APC needed to promote a clinical effect; 
and 4) the most effective route of administration of 
DC, are points which still need to be solved. At this 
stage, relying for the most pan on animal studies, we 
can only conclude that D'/ based immunotherapy 
holds promises of exerting a potent anti-tumor effect 
in humans. 

Oral vaccination by In vivo targeting of DC 

A simple approach to tarufi ing APC in vivo is to use 
attenuated bacterial vector*^, <.iich as those com- 
monly developed to contro' c ti ct-ous diseases. They 
usually enter the host thr lu^h the oral route and 
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seiectivety replicate within macrophages and DC. Lis- 
teria monocytogenes is a promising vaccine carrier that 
naturally infects APC, and may deliver immunogens 
to both MHC-I and II pathways of antigen process- 
ing and presentation.-'' Furthermore, this bacterium 
may constitute perse an excellent danger signal for the 
immune system, since it stimulates the innate 
immune response to produce cytokines (e.g. IL-12) 
and mediators {e.g. nitric oxide) that enhance anti- 
gen presentation. In addition, it promotes aXHI- 
type cellular response, which is mainly associated 
with the eradication of tumors and intracellular par- 
asites. Most of these features are also shared by W- 
monelia typhimurium-b^sed carriers. 

The ideal vaccine carrier should maintain its immu- 
nogenicity intact, being attenuated enough to allow its 
use in humans. However, thesafetyprofle of a vaccine 
destined for human use also requires the absolute sta- 
bility of the mutant phenotype, which can only be 
guaranteed by the generation of chromosomal dele- 
tion mutants. Furthermore, the release of recombi- 
nant micro-organisms under uncontrolled conditions 
makes the lack of antibiotic resistance markers essen- 
tial. Mutation of genes involved in bacterial spread 
and survival are the best targets for attenuation. 

The recent progress in Listeria and Salmonella genet- 
ic manipulation and the availability of suitable in vit- 
ro and in vivo models, make these micro-organisms 
very attractive vaccine delivery systems. 

For example, attenuated Listeria monocytogenes car- 
rier strains expressing the p-galactosidase (p-gal) 
model antigen can prevent outgrowth of an experi- 
mental tumor in BALB/c mice by inducing a specific 
immune response against the fi-gal TAA.^" Similar- 
ly, a live attenuated AroA- auxotrophic mutant of Sal- 
monella typhimurium (SL7207) has been used as a car- 
rier for the pCMVpp vector that contains the fi-gal 
gene under the control of the immediate early pro- 
moter of cytomegalovirus (CMV). After a primary 
immunization and three orally administered boosts 
at 15-day intervals, a Saimonella-bsised vaccine 
induced both cell-mediated and systemic humoral 
responses to ^-gal. These experiments suggested that 
insertion of a plasmid containing an expression cas- 
sette into a Salmonella-carver allowed DNA immu- 
nization and specific targeting of antigen expression 
to APC, in vivo, through oral immunization. To prove 
that the transgene was actually expressed by APC cells 
as a function of a eukaryouc promoter the green flu- 
orescent protein (GFP) was placed under the control 
of either the eukaryotic CMV or a prokaryotic pro- 
moter and spleen cells from treated mice were ana- 
lyzed by cytofluorometnc analysis. 

GFP was detectable n both macrophages and DC, 
but not in other splenocytes, of mice treated with Sal- 
monella containing the CMV-plasmid, 28 days after 
the first vaccine adrntmstrrUion, whereas It was unde- 
tectable in spleen cell*- of mice receiving the Wamo- 
ne/Ztf containing the co(^i>riiunve prokaryotic pronnot- 



er which directs GFP synthesis only within the carri- 
er.^-** GFP expression in DC highlights the possibility 
of loading DC without the need for ex vivo manipula- 
tions and opens up the possibility of administering a 
cancer vaccine orally. Oral vaccination is viewed as an 
easier and more acceptable strategy for patients f^spe- 
cially in a phase in which they are disease free 

Leukemic cells as antigen presenting 
cells 

Tumors may escape immune detection and killing 
through a variety of mechanisms affecting the capac- 
ity of either presenting tumor antigens or fully acti- 
vating T-ce lis. In particular, tumor cells are likely 
to prevent a clinically evident cytotoxic T-cel I response 
because of the absence of a specific antigenic tumor 
peptide, or because they lack HLA molecules, or co- 
stimulatory molecules on their surface. In this last case 
the patient's T-cells might become anergic and toler- 
ate tumor cells. Alternatively, neoplastic antigens may 
induce a clonal deletion of thymocytes/-''' or tumor 
cells expressing Fas molecule may be responsible for an 
apoptotic T-cell deletion through Fas.Fasl. interac- 
tion.'" So far, different immunologic strategies aimed 
at overcoming these defects by Inducing or improving 
the antigen presenting function of tumor cells have 
been demonstrated in experimental models,'"'^ - and 
the hypothesis that leukemic cells may become effi- 
cient APC by changing their phenotype or by differen- 
tiating into DC-like cells has been tested. A First exam- 
ple was shown in B-cell neoplasms since it is well 
known that normal B-cells may present antigen to T- 
cells^''' and that cognate interactions between B and 
T-cells nnay induce either a T-cell proliferation and an 
enhanced T-helper activity to cytotoxic T-cells, -•^"^ or T- 
cell dona! unresponsiveness.^" The triggering of the 
CD40 receptor on the surface of APC increases the 
expression of adhesion and co-stimulatory molecules 
both in vitro and in vivo.^^^-^^^ Thus, the possibility of 
modifying the phenotype and the APC function of 
CD40 -chronic lymphocytic leukemia B (CLL B) cells 
through the CD40:CD40L interaction was demon- 
strated showing that this pathway induces the upreg- 
ulation of CD80 and CD86 on CLL-B cells and the 
LnggenngofaT-cell proliferative response. ' " ' These 
resulcs support the idea that induction of B7 mole- 
cules on CLL-B cells, either by T-cell-contact and 
grovA,ih factors,""' ^''^ or by gene transfer merhods"^ 
may bv a potential clinical vaccine-therapy capable of 
eliciting efficient anti-leukemic immune responses. 
Sirntlar approaches may also apply to B non Hodgk- 
in ^, lymphomas (B-NHL). Studies in expennn^ntal 
mudt is indicated that CD40 stimulation may result 
in t*"p :nhtbition of lymphoma cell growth m vivor''* 
aruj I tie up-regulation of adhesion rece'ptt?rs and 
CO : -Mulatory molecules on lymphoma cells -n vit- 
ro interestingly, follicular B-NHL ceiU ^hich 
fxrup s C 1)40 and low levels of B7-2 fail ro p t-sent 
ail.Miiri^en, but after activation via CD40 chcv express 
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higher levels of B7-1 and LFA-3 and alloreactiveT-celts 
respond to tumor cells efficiently.^''^ Rnally, encour- 
aging results have also been obtained in pre-B acute 
lymphoblastic leukemia^^' in which approximately 
50% of the cases blast cells have been reported to 
express CD86 but not to induce tunnor rejection, and 
B7-blasts determine an immunologic tolerance of the 
tumor. Nonetheless, this study showed chat pre-acti- 
vation of blast cells via CD40, or cross-linking CD28, 
or signaling through the common 7 chain of the IL-2 
receptor on T-cclls can prevent T-cell tolerance. The 
authors hypothesize at least two possible mechanisms 
to explain the induction of lymphocyte unresponsive- 
ness; first, they propose that at the time of initial trans- 
formation, clonogenic pre-B acute leukemia cells may 
not express CD86 thus inducing a T-cell anergy that 
could not be reversed by following expression of CD86 
on a blast cell fraction; second, they suggest that mar- 
row microenviroment may play a role in modulatingT- 
cell immunity by secreting negative regulators, as pre- 
viously shown in experimental models.-" "^ However, 
after co-stimulation by either B7 transfectanLs or pro- 
fessional APC, autologous antileukemic cytotoxic mar- 
row T cells can be generated upon contact with CD40- 
stimulated pre-B acute leukemia cells"" 

All these data on B-cell neoplasms strongly suggest 
that poor tumor immunogenicity may depend on both 
the quality and the quantity of accessory molecules 
required for T-cell stimulation. However, fijture ther- 
apeutic strategies aimed at stimulating the CD40 
receptor, or at directly transducing B7 molecules on 
chronic or acute leukemia B-cetIs will facilitate the ex 
vivo expansion of specific anti-tumor cytototoxic T- 
celts. Normal myeloid CD34' progenitors include a 
small subset of APO"-^«" that are committed precur- 
sors of the macrophage/dendritic lineage In fact, 
both man*ow and peripheral blood CD34' cells, and 
circulating monocytes can be utilized to obtain large 
numbers of dendritic cells invitro. Due to the relevance 
of co-stimulatory molecules on tumor cells for the gen- 
eration of anti-tumor immune responses, the hypoth- 
esis of whether even acute or chronic myelogenous 
leukemic cells might differentiate into dendritic cells in 
vitro and become immunogenic has been addressed 
by several groups. Alternatively, transduction of co- 
^rtnnjlato7 molecules on leukemic myeloblasts has 
brcn attempted in experimental models to generate 
specific cytotoxic responses, fioth these approaches 
require that TAA are expressed and exposed on HLA 
cnniecules, and it is likely that genetic alterations, such 
as chromosomic translocations, might result m the 
:ippearance of pathologic peptides, specific for each 
anite or chronic leukemia and potentially immuno- 
■ u fiic Chronic myelogenous leukemia may represent 
In optimal candidate for antitumor vacc me strategies 
s nre several reports have shown that the bcr-abl 
fi; , on protein can bind to defined Ht A < lass I and 
, ,^ )l molecules^^"'"' and also that C.vndnuc cells 
rated in vitro from CML patient^ s- 1 cany the 



t(9;22).'**^-^^*^ In this latter study, in fact, CMLcells that ' 
were incubated with GM CSF, IL-4 and TNF-« devel- f 
oped DC phenotypic and functional characteristics 
inducing autologous cytotoxic T-cells capable of 
directly lysing leukemic cells and of inhibiting CML 
colony growth in vitro. Further studies suggested that 
CML DC-stimulated anti-leukemic T-cell reactivity is 
due to an oligoclonal T-cell response and develops in t 
an HLA-restricted manner Dendritic cells can be 
generated even from CD34* CML man^ow progenitors ^ 
in the presence of GM-CSF, TNF-a and I L~4, and after 
7-10 days of culture they are Ph", express high levels of 
HLA molecules and co-stimulato^ receptors and * 
induce a T-cell proliferation 10-30 fold higher than ^ 
unprocessed man-ow cells.^'° Nonetheless, it is likely 
that different culture systems may be required for efFt- 
aent in vitro generation of DC when using CML-CD34' 
cells rather than normal progenitors, since the former 
show a lower DC clonogenic activity but both their 
expansion and their differentiation can be significant- 
ly improved by prolonging the duration of culture in f 
the presence of specific growth factors.*'^ 

When a neoplastic event affects undifferentiated or 
more mature progenitors of the granulocytic and/or 
macrophage lineage an AML develops, and we can 
distinguish different subtypes of AML on the basis of 
morphologic and phenotypic characteristics. The 
identification of AML cells with some phenotypic 
affinities to DC, such as the expression of the CD la ' 
marker,^" or deriving fr-om a monocytic/dendritic cell 
progenitor,"^ has been attempted in the past. Indeed 
in this latter study, cells fi-om an AML, FAB M2 patient 
were shown to differentiate into terminal DC with 
potent alloantigen presenting capacity after in vitro cul- 
ture with GM-CSF, TNF-a, SCF and IL-6. Similar | 
results were achieved by culturingfi-eshly isolated AML 
celts with GM-CSF, IL-4 and I L- 13 for 7 days.^^^ Alter- 
natively, restoration of anti-tumor immune control 
can be attempted by identifying peptides, such as PR- 
1 derived from proteinase 3,^^^ that could be capable 
of inducing HLA-restricted cytotoxic T-lymphocytes to 
lyse fresh leukemic cells, or by engineeing leukemic 
cells to induce either the expression of co-stimulatory 
molecules or the production of cytokines. The role of 
B7-1 in developing protective immunity was initially 
tested in a mouse model m which the injection of a 
myeloid cell line transfected with the bcr/abi gene was 
rapidly lethal, while prolonged survival was observed 
only in mice that rece ved the cell line co-transfected 
with the B7-1 gene.- Moreover, the same model was 
used to test the role of both B7-1 and B7-2, suggest- 
ing that B7-1 may bt more effective than B7-2 in 
obtaining an efficient nvo anti-leukemic response.^^* 
The potential advant .tt^,f* of B7-transduced blasts was 
confirmed by using prK>^,iry AML cells instead of a cell 
line; a CDS' T-cell d,% cndent and 87:CD28-mediat- 
ed anti-leukemia act v'v was documented.^" A recent 
study compared thf ' ■'f'^o immunogenic activity of 
human AML cells l, r.,.i>d with GM-CSF, IL-4 and 
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TNF-«, or transfected with CD80.^'* Both these 
approaches resulted in an enhanced T-cell response in 
a mismatched pnmary MLR, however, only B7-1 trans- 
duced AML cells stimulated a strong immune response 
of T-cells from an HIA identical bone marrow donor, 
and generated leukemia reactive CD4* T-cell lines and 
clones. Interestingly, this model allowed the authors to 
observe CDSO'AML-mediated T-cell responses that 
can be directed against the patient's minor histocom- 
patibility antigens or tumor-specific antigens. 

Although B7-1 and B7-2-engineered tumor cells 
could play a pivotal role in anti-teukemia immuno- 
therapy strategies, there is evidence that transduc- 
tion of other receptors^^' orcytokines^"*^^^ might, at 
least, co-operate with B7 molecules in the antigen 
presenting capacity of neoplastic cells. 

Genetically modified ceils as vaccine 
for the active immunotherapy of cancer 

Non-specific approaches to cancer immunothera- 
py probably date back to the beginning of the 18"' 
century and originated from the observation of spo- 
radic, spontaneous remission of tumors in patients 
who suffered severe bacterial infeaion. This obser- 
vation prompted Dr. William B. Coley to begin, in 
1 891 , to treat patients with soft tissue sarcoma with 
a mixture of Gram positive and negative bacteria: 
Co ley's toxins. 

This empirical approach was enforced by Shear's 



discovery that endotoxins were active components 
responsible for tumor hemorrhagic necrosis. Fur- 
thermore, the finding that bacillus Calmctte-Guerin 
(BCG) increased resistance to tumor transplants in 
mice led to clinical application of BCG which, togeth- 
er with StreptococcMS-derived OK-432, is a strategy 
used to this day. 

The anti-tumor effects obtained by treatment with 
BCG and derivatives are largely dependent on indis- 
criminate necrosis of tissues containing mycobacterium 
(the Koch phenomenon). The discovery^ of cytokines 
explained most of the phenomena induced by micro- 
bial products and cytokines were then used with the ini- 
tial hope of copying the positive effeas of such bacter- 
ial products while avoiding the negative ones. 

More recently, the discovery of Thi and ni2 distinct 
pathways ofT-cell maturation helped to explain pro- 
tective and non-protective BCC-induced cell-mediat- 
ed immune reactions in tuberculosis, phenomena that 
have conrelates with protection against cancer. In the 
presence of a Thl deflected immune response, the 
effect ofTNF-a is not that of large necrosis which is, 
rather, the characteristic of inflamed tissues of aTh2 
type of response, in this case extremely sensitive to 
TNF-ot.''« 

Cytokines deflecting the Immune response to a Thl 
orTh2 type of response may drive the type of immune 
response to cancer cells, escaping the simple definition 
of Thl promoting and Th2 inhibiting anti-tumor 
immunity. Rather, a strong Thl as well as a strong 
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Th2 response may induce tumor destruction and | 
immune memory with the same efficacy although 
through different mechanisms (see below). Moreover, 
genetic background may influence the ability to mount 
aThI orTh2 response, as shown in murine models. 

Microbial products have mainly local effects which 
may be reproduced and improved by local mjection 
of recombinant cytokines. Experiments in non-tumor 
systems have shown that IL-2 offsets antigen recog- 
nition and overcomes tolerance. Thus cytokines 
could be used not only to stimulate tumor destruc- 
tion but also to impair tolerance and activate effec- 
tive and specific immune recognition of TAA. 

Identification and cloning of the long elusive TAA, 
especially from human melanomas,*"' pointed tumor 
immunotherapy to a general systemic response and, [ 
thus, the use of cytokines shifted from that of being 
responsible for local tumor debulking to that of being 
an aid to triggering and boosting the immune 
response to TAA. 

In addition to antigens triggering the T-cell-recep- 
tor (TCR) of T-lymphocytes, optimal T-cell response 
also requires co-stimulatory molecules, as detailed 
above. 

Cytokines, co-stimulatory molecules and several 
cloned TAA are now available: how can we use them 
to provide an effective immunotherapeutic approach 
to cancer patients? 

Two major strategies are envisaged (see Figure 6): 
one, already described, takes advantage of antigen 
availability in the forms of genes, proteins or pep- 
tides and of the standardized methods of obtaining 
DC from peripheral blood in large quantities to be 
loaded with the antigen and reinfused in vivo; the oth- 
er strategy still considers the tumor cells representa- 
tive of the entire antigenic repertoire of a certain neo- 
plasia; such cells, genetically modified to produce 
cytokines and/or co-stimulato^ genes, could be 
injected into patients as a cellular vaccine. In the lat- 
ter case a pool of cell lines derived from different | 
patients with the same type of tumor could increase I 
the antigenic repertoire and avoid immunoselection 
that certain antigens may have encountered in some 
patients. Unmatched MHA are not a problem in 
terms of antigen presentation since injected cells are 
destroyed and represented by host APC. Moreover if 
diff'erent sets of alloantigens are selected from differ- 
ent pools, the risk of repeated alloimmunization dur- | 
ing booster vaccination would probably be avoided. 
The background and prospectives of genetically mod- 
ified tumor cell vaccines are presented below. 

CytoMnes at the tumor site 

In initial studies recombinant cytokines were inject- 
ed at the tumor site or cytokine genes were inserted 
■ mo somatic cells to be injected at the rumor site. All 
cnese studies collectively established rhac most of the 
; vrokmes accumulated at the tumor ^rp were able to 
I idjce tumor destruction and rhr -^fMccion they 



induced was sometimes strong enough to eradicate \ 
a tumor antigenically unrelated to the cytokine j 
releasing cells. The obtained tumor debulking wa5 
often followed by a systemic tumor-specific immune t 
memory. It should be underlined, however, that 
tumor debulking may occur through non-specific 
immune reactions or so fast as to prevent efficient T 
cell priming, this being reminiscent of the dichotomy . 
described for BCG: indiscriminate necrosis versu-. 
protective immunity. . 

Engjineered tumor celt vaccines 

Engineering of tumor cells with the gene of a par ^ 
ticular cytokine is an efficient way of ensuring that 
this cytokine will be durably present at the tumor site t 
Repeated local injections would, of course, have the 
same effect. Bolus administration, however, does not ? 
provide a constant supply of cytokine. Its effects are 
much less evident than those achieved by the injec- 
tion of engineered tumor cells^'^^ that can ensure the 
provision of antigen and continued local accumula- , 
tion of the cytokine until a physiologic or a pharma 
cologic threshold Is reached, and the biological activ- 
ity of the cytokine can begin. . 

The immunogenicity that tumor cells can acquire ; 
upon cytokine-gene transduction may stem from i 
recruitment by released cytokines, of particular reper- 
toires of inflammatory cells, whose differing abilities 
to influence TAA presentation and secrete secondary- * 
cytokines may shape both immunogenicity and 
deflection of the ensuing immune memory towards a 
Thi or Th2 type of response. A cytokine may be 
simultaneously involved in tumor rejection, leukocyte 
recruitment and activation of memory mechanisms. 

Many experimental studies have been performed • 
in mice over the last seven years and cytokine genes 
fi-om IL-1 to i L I 8 have been tested. Most of those j 
studies described whether a certain cytokine gene, ! 
upon transduction, can inhibit tumor growth in vivo; 
some also described whether the cytokine induced j 
protective immunization against challenge by 
parental cells whereas only a few studies described ' 
efficacy in a therapeutic setting. It is clear that the 
way cytokines modify tumor oncogenicity, immuno- 
genicity and curat ive effect is not only dependent on 
the cytokine employed but also on the tumor model 
utilized. T>ie immune mechanisms responsible for 
inhibition of tumor growth may not be the same as 
those required for immune memory or those neces- 
sary for eraditJtiO'i of an established tumor. 

Translation of animal studies into a clinical setting 
faces a substanr^l diff^erence, that is the fast growth 
of transplanted tumors and therefore the short time 
window in wMk h i-nmunization can be performed ^ 
before the amma death. In murine models, the so 
called establiihnt t.L^mor is a tumor that has been inject- | 
ed one to three vi.ivs before the beginning of vaccina 
tion. This conr- i - - wirh phase l/ll clinical studies in 
which enrolled ;« nteris have advanced disease. Clear 
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evidence of therapeutic effects is not expected tn these 
patients, therefore tumors with antigens whose genes 
have been cloned and are recognized by CTL should 
be used to allow, at least, an immunologic follow-up 
that could prove the effect of vaccination. T>iis con- , 
fines the choice to those carrying the MAGE, GAGE 
and BAGE family genes and to melanomas, which | 
also express antigens of the melanocyte lineage, such | 
as tyrosinase, gplOO and MART-I/Melan-A.^^' The 
choice is further restricted by the difficulty of obtain- | 
ing cells and cell lines from tumors that are not 
melanomas to be transduced and then employed for 
immunologic evaluation. Melanoma is thus the tumor 
most frequently chosen for vaccination studies. 

Nevertheless, vaccination with cytokine-trans- j 
duced, freshly isolated cells, which should retain the 
tumor-antigen repertoire, could be a way of generat- i 
ingtiimor-specificT-lymphocyte lines and clones with | 
which to identify antigens expressed by tumors oth , 
er than melanomas. [ 

In a few cases only, the antigens associated with the 
murine tumors employed in pre-clinical studies were | 
characterized; the majority of studies designed to dis- ' 
cover the immunologic mechanisms associated with 
tumor rejection utilized proteins not classifiable as 
tumor-associated antigens, such as p-galactosi- 
dase^"""* and influenza nucleoprotein.-^"' Most of these 
animal studies were can-ied out in the syngeneic sys- 
tem, that in humans con-esponds to the autologous 
situation, in which a tumor ceil line was both the cell 
vaccine and the tumor to be cured. Autologous appli- 
cation is actually difficult, since it requires tumor cell 
cultures from every patient for both gene transduc- 
tion and immunologic follow-up. Each patient's cell 
vaccine should then be checked for safety, and a great 
variability tn terms of cytokine production other than 
adhesion molecules and antigenic pherotypes may 
exist between cell vaccines. The use of allogeneic cell 
lines, on the other hand, has the advantage of 
employing vaccines well -characterized in terms of 
tumor antigen, MHC and adhesion molecules, as 
well as the constant amount of cytokine released; 
these parameters in combination may provide a stan 
dard reagent for clinical studies. 

Both syngeneic and allogeneic tumor cells express- 
ing a common TAA are processed by host APC such 
thatTAA derived peptides are presented in associa- 
tion with host MHC in either case.^" Nevertheless, m 
most clinical protocols the expression of the MHC 
class 1 allele, which presents TAA derived peptidc{s), 
on the immunizing tumor cells is preferred. If cross 
priming occurs efficiently, this should not be neces 
sary, but it is still unclear whether vaccination with 
transduced tumor cells actually primes the host or 
boosts already present aaivated T-lymphocytes. This 
observation mciicates that co-stimulatory molecules 
such as B/. in addition to cytokines may be trans 
duced in n h . Rccines in order to amplify the boost 
inp effect, smt e is not clear whether B7 transdiK 



cells pnme the host directly. 

Clinical vaccination protocols using IL-2 or lL-4 
gene-transduced allogeneic melanoma cells have been 
performed at the Istituto NazionaleTumori in Milan, 
Italy. An HIA-A2 melanoma cell line expressing 
Melan-A/MART-I, tyrosinase, gplOO and MAGE-3 
has been transduced and irradiated before the treat- 
ment of advanced HU\-A2+ melanoma patients.^*^^ 
In the first protocol, patients were injected subcuta- 
neously on days 1,13, and 26 with IL-2 gene-trans- 
duced and irradiated melanoma cells at doses of 5 (3 
patients) and 15 (4 patients) xlO' cells. Mixed lym- 
phocyte-tumor cultures (MLTC) and limitingdilution 
analyses were performed to compare pre- and post- 
vaccination PBL While MLTC revealed an increased 
but MHC-un restricted cytotoxicity, in two cases the 
frequencies of melanoma-specific CTL precursors 
were clearly augmented by vaccination. In one 
patient, H LA class ll-restricted effectors were found to 
be involved in the recognition of autologous tumor. 
Which antigen(s) was involved in the recognition by 
PBL of vaccinated patients remains unclear. In 3 out 
of 5 cases studied, pre- and post-vaccination PBL 
could not recognize any melanoma peptide tested or 
known to be restricted by Hl^-A2 allele.^oa Among 
other possible explanations, this might be due to a 
tumor associated antigenic repertoire that exceeds the 
limited number of antigens whose genes have been 
cloned so far. 

This indicates that vaccination with cell lines is 
advantageous because the cell lines stimulate the host 
with the entire repertoire of known and unknown anti- 
gens. In the allogeneic system it is then easy to rotate 
the transduced cell line within the protocols and so 
maximize the chances that a relevant tumor antigen 
is present in the vaccine. Some antigens, in fact, may 
be negatively selected and lost in one patient-derived 
line, but not in others. In addition, selection of allo- 
geneic cell lines displaying various MHC reduces the 
interference of repeated boosting with strong alloantir 
I gens. Indeed vaccination with a pool of three 
melanoma cell lines commenced before the cloning of 
j known melanoma associated antigens, resulted in 
increased survival con-elated with the level of antibody 
j against the GM2 ganglioside. indicating possible 
I involvement of a humoral response; correlation with 

the CTL response was not investigated^"^ 
j Going back to animal studies m which vaccination 
therapy with cytokine-transduced tumor cells was 
i successful, it should be underlined that it was not 
clear w^ich of the measured imr-.une responses was 
responsible for the therapeutic e^ert since, general- 
ly, induction of cytotoxic T-lyrnphocyies was, perse, 
insufficient to produce a cure U- keeping with this 
statement, vaccination of 13 evainabie patients with 
MAGE-3.A1 peptide resulted in ^ ^ mical regressions, 
although no CTL precursors wi re tuurd in the PBL of 
these responders.^'" Refined j rnal studies per- 
formed to Identify which imn; r-sponses corre- 
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late with the therapeutic activity indicated that both 
T- and B-cel!s should be properly activated,^"- 

These observations may suggest that while a 
patient could be immunized against a tumor, the 
immunity thus induced might be insufficient to fight 
the established tumor growing withm its own stroma. 
The combination of poor immune function and large 
tumor burden makes patients with advanced disease 
dubious predictors of clinical response. 

The general idea is that cytokine engineered tumor 
cells should be used as vaccines in minimal disease 
settings. ' A new form of treatment would thus be 
available for combination with conventional man- 
agement of patients after surgical removal of their 
tumor, patients with minimal residual disease, or 
patients expected to manifest tumor recurrence after 
a significant apparently disease-free interval. When 
compared with conventional forms of management, 
vaccination is a. soft, non-invasive treatment, unlikely 
to cause particular distress or side effects, and could 
be administered after resection of a primary tumor 
when recurrence is expected. 

Use of mesenchymal cells for treatment 
of neoplastic and noiHieopiastic disorders 

In addition to hematopoietic stem cells which can 
differentiate to produce progenitors committed to 
terminal maturation,-^^'' human bone marrow also 
contains stem cells of non-hemytopoietic tissues 
which are currently referred to as mesenchymal stem 
cells (MSC), because of their abitity to differentiate 
into cells that can roughly be defined as mesenchy- 
mal, or as marrow stromal cells because they appear to 
arise from the complex array of supporting structures 
found in marrow. Stromal ceils of the marrow 
microenvironment include fibroblasts, endothelial 
cells, reticular cells, adipocytts, osteoblasts and 
macrophages, the last, although of hematopoietic 
origin, being considered functional components of 
the regulatory stroma. ^'^The heterogeneous popula- 
tions of mesenchymal cells and their associated 
biosynthetic products have the unique capacity to 
regulate hematopoiesis.-^''' 

Environmental components can modify the prolif- 
erative and differentiative behavior of hematopoietic 
cells by means of (i) cell-to-cell mteriunons, (ii) inter- 
actions of cells with extracellular rricitrix molecules, 
and (iii) interactions of cells with so ubie growth reg- 
ulatory molecules.^^* All these regulatory modalities 
participate in stromal cell-medMred regulation of 
hematopoiesis. In fact, marrow >• romal cells provide 
the physical framework within wh^ h hematopoiesis 
occurs, play a role in directing ri^e processes by syn- 
thesizing, sequestering or preseiring gro^-vth-stimula- 
rory and growth-inhibitory factors, : nd also produce 
numerous extracellular matrix prote : and express a 
broad repertoire of adhesion mc'e* jirs that serve to 
mediate specific interactions o.tt'^ hematopoietic 
stem/progenitor cells of both mv'.:-! ni and lymphoid 
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origin. ''^ Although growth factors play key roles m 
stem/progenitor cell proliferation and differentiation 
it seems improbable that hematopoiesis is regulated 
only by a random mix of growth factors and respon- 
sive cells. Rather, it is likely that regulatory molecules 
and localization phenomena within marrow stroma 
are required to sustain and regulate the function of 
the hematopoietic system, ^''^ 

Although it IS commonly accepted that stem ceils 
are capable of homing to the marrow and docking at 
specific sites, the exact role of microenvironmental 
cells, adhesion molecules and extracellular matrix mol- 
ecules in regulating the localization and spatial orga- 
nization of hematopoietic stem cells in the marrow 
and driving myeloid and lymphoid regeneration fol- 
lowing stem cell transplantation remains a matter of 
hypothesis. Studies in animals demonstrated that 
stem and progenitor cells have different distributions 
across the femoral marrow cavity of mice, thus sug- 
gesting that marrow stroma is organized into func- 
tionally discrete environments, such as primary microen- 
vironmental and secondary microenvironmental areas, 
allowing distinct differentiation patterns of hemato- 
poietic stem cells. -JUe stem cell r}iche hypothesis, pro- 
posed by Schofield^^' suggested that certain microen- 
vironmental cells of the marrow stroma could main 
tain the stem cells in a primitive, quiescent state. 
Another mechanism supporting the concept of spe- 
cialized microenvironmental areas Is stroma-mediat- 
ed, compartimentalized growth factor production. 
Growth factor produced locally by stromal cells may 
bind to the extracellular matrix and be presented to 
immobilized t^^rgf t cells which recognize each growth 
factor through specific receptors. This mechanism 
may provide :he opportunity for localizing distinct 
growth factors at relatively high concentrations to dis- 
crete sites. As vet , 'datively little is known of the nature 
of the factorc.) f)roduced by different stromal o^W 
types which modulate lineage development. However, 
a growing body or evidence suggests that marrow stro- 
ma is involved not only in regulating myeloid cell 
growth, but also tn T- and B-cell lymphopoietic devel- 
opment."'*'^ " Distinct adhesion molecules and 
cytokines arc known to regulate stroma-dependentT 
and B-lymphopoiesis,*^^' suggesting that marrow 
stroma may funciion as a site ofT- as well as B-cell 
lymphopoiesi? . 

The existence self renewing MSC is supported by 
several in vitro and tn vivo data."" At the functional lev- 
el, MSC residirn; within marrow microenvironmert^ 
establish maT^nv stroma both in vitro and in vivo and 
have mulnline.ige =iifferentiation capacity, being cap ■ 
ble of gener.iting progenitors with restricted develop 
ment pormti il vtich include fibrobla.st, osteobla-^r. 
adipocyte, ; hondrxyte and myoblast progenitors (K ^ 
ure 7).*' " W.UiU e stromal cell progenitors have been 
identified in -'u i.n marrow by their ability to generate 
colonies " ^-^^t ist-like cells originating from sir?,!*- 
clonogcnic [^r.-.M r rors termed fibroblast colony-forn^ 
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ing units (CFU-F)."^ These progenitors, which belong 
to the osteogenic stromal lineage, play a central role in 
establishing the marrow microenvironmcnt both in vit- 
ro and in wvo.""" Under appropriate culture condi- 
tions and supplementation with specific stimuli, a pro- 
portion ofman'OwCFU-Fcan be induced to either adt- 
pogenesis"^ or osteoblastogenesis.''^* Studies involv- 
ing ectopic transplantation of individual fibroblastic 
clones grown in vitro from mouse marrow beneath the 
renal capsule of syngeneic hosts demonstrated that 
approximately 15% produced a marrow organ con- 
taining the full spectrum of stromal cell types of 
hematopoietic microenvironment, thus suggesting that 
CFU-F have multilineage differentiation capacity and 
supporting the stromal stem cell hypothesis .^^'^ Based on 
these findings, CFU-F can be identified as muliipotent 
stromal progenitors rather than lineage restricted 
fibroblast progenitors. 

CFU-F can be enriched fi-om adult bone marrow by 
means oFthe STRO-1 monoclonal antibody that iden- 
tifies essentially alt assayable marrow CFU-F. STRO- 
r cells do not express the CD34 antigen and fail to 
generate hematopoietic progenitors, thus facilitating 
a clean separation between hematopoietic and stro- 
mal progenitors."^ Flow-sorted STRO-1+ cells grown 
under long term culture conditions generate adherent 
stromal layers consisting of fibroblasts, osteoblasts, 
smoorh muscle cells and adipocytes.^"*" These siromal 
layers are capable of supporting hematopoiesis in 
long r'-nri cultures initiated with CD34' cells. In addi- 
tion tu SI RO-1 , other monoclonal antibodies such 
as SH J , have been described which specifically detect 
mesetii hyfTial progenitors.^''^ 

}r> vr."' j.na generated in animal models supped the 
funtt orMi regulatory role of the marrow micocnvi- 



ronment. In the fetal sheep model of /'« utero stem ceil 
transplantation, co-transplantation of stem cells with 
marrow stromal cells has been shown to improve lev- 
els of donor cell engrafiiment.^^^ In the NOD/SCID 
mouse model of m utero stem cell transplantation, 
fetal stem cells have a nine times greater engraftment 
potential but this advantage is abrogated if the recip- 
ients arein-adiated prior to transplant, indicating that 
the marrow microenvironment is important in dri- 
ving myeloid and lymphoid engraftment-^'*^ 

The importance of stromal cells in hematopoiesis 
has also been demonstrated by several studies in 
humans. Despite normal peripheral blood counts, lev- 
els of primitive and committed progenitors in the bone 
manrow of patients who have received allogeneic stem 
cell transplantation remain subnormal for many 
years."*"^ Furthermore, cultured stromal cells from 
patients who have received allogeneic stem cell trans- 
plant (SCT) show significant impairment in their abil- 
ity to support the growth of hematopoietic progeni- 
tors fi-om normal man-ow Decreased CFU-GM pro- 
duction and defective stroma production have been 
demonstrated following autologous SCP^^as well as 
after induction chemotherapy. 

The role of marrow stroma in hematopoietic regu- 
lation and the peculiar functional characteristics of 
stromal cells raise the possibility that the delivery of ex 
wVo expanded marrow MS( nto a hematopoietically- 
compromised marrow migln promote hematopoiesis. 
Bone marrow stromal c L-iis are a quiescent, non- 
cycling population with if) v v eil turn-over, as demon- 
strated by the resistance t radiation. Based on these 
characteristics, methods have been developed which 
allow for gene del i very i r > r l > : r om a I cells.'*'" Si nce stro- 
mal cells are metabolic \ .>.luvc they also provide a 
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suitable means of secreting therapeutic proteins, 
including coagulation factors or adenosine deanni- 
nase."" Recent data showing that MSC suppress allo- 
geneic T-cell responses In vitro suggest a role for stro- 
mal cells in modulating allogeneic transplant rejection 
and graft-versus-hosr disease.''*^ 

It must be emphasiifed that because of the limited 
knowledge of MSC bioiogy, clinical applications of 
stromal cells, although exciting, essentially remain a 
matter of hypothesis to be carefully tested in the 
appropriate clinical setting. Essential prerequisites 
for clinical applications using culture-expanded nnes- 
enchymal cells as a supplement for hematopoietic 
SCr are (i) the possibility of isolating mesenchymal 
progenitors and manipulating their growth under 
defined in vitro culture conditions^" and (ii) the 
demonstration of the possibility of efficiently intro- 
ducing cultured stromal cells back into patients. 

Studies in rodents and dogs have clearly demon- 
strated that if sufficient stromal cells are reinfused, 
they not only seed the bone marrow but also en hance 
hematopoietic recovery.' ' ^"Although demonstrat- 
ed in several mouse models, the transplantabHity of 
marrow stromal elements remains a controversial 
issue in humans, ''^'^ The majority of data so far 
generated in recipients of HLA-identical marrow 
transplants has failed to demonstrate any contribu- 
tion of donor cells to marrow stroma regeneration.^^** 
Although many factors may affect the transpfantabiti- 
ty of stromal elements, the low frequency of stromal 
progenitors in conventional marrow harvests may 
explain the failure of mesenchymal cell transplant- 
tion in humans. 

Indeed, during the last decade, SCT methodology 
has changed substantially, particularly as a result of 
the increasing use of peripheral blood transplants. 
The existence of a circulating stromal progenitor has 
been demonstrated by using a NOD/SCID model 
and this is extremely relevant to stromal cell thera- 
py 36o gy using the X-linked human androgen recep- 
tor (HUMARA) gene and fluorescent /ns/tw hybridiza- 
tion analysis for the Y chromosome, the trans- 
piantability of stromal progenitors in a proportion of 
recipients ofhaptoidentic.il HLA-mismatched T-cell- 
depleted allografts reinfused with a combination of 
bone marrow and mobihred peripheral blood cells 
has recently been demonstrated {Cario-SteHa and 
Tabilfo, unpublished obu'fvations, 1999). Taken togeth- 
er, these findings allou the hypothesis that MSC are 
transplantable in man pr(widcd that an adequate, 
but as yet unidentified, number of CFU-F is reinfused. 
In addition, these data allow the planning of clinical 
studies using culture f xp inded, gene-marked mes- 
enchymal cells in ordr^r r;^ investigate a number of 
issues, including (i) dnsc (^f marrow stromal progen- 
itors necessary to achieve .1 transplant; (ii) duration 
of post-transplant rn pm-vv stromal cell function; (iii) 
role of stromal cells - : vi-loid, B- and T-lymphoid 
reconstitution follo:^ r - 
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Table 4. Potential clinical applications of n^esenchymal 
stem cells. 



• Rfipiacemcniotchemotricrapy-clamaged stroma 

• Fnd.tnctii'Kjfit of myelotcJ recovery following heniatopotelic stem cell 
trstvsplnntation 

• tntuncement of f- and B-cetl reconstitution following allogeneic 
ste n .:el! transplantation 

• Cdiiip-^rTimentaiized growth factor/cytokine production 

• Modulation of GvHD 

• [iolive'> of exogenous gene products 



A limited number of clinical trials using ex vivo gen- 
erated MSC are currendy underway. So far, the only 
published phase I clinical trial using MSC reported 
that the systemic infusion of autologous MSC 
appear s to be well tolerated.^*'^ MSC can be explored 
as vohicles for both cell therapy and gene therapy 
(Tabic 4). MSC could be used to replace marrow 
microonvironment damaged by high-dose chemo- 
i ther.ipy m order to either improve hematopoietic 
I recovery from myeloablative chemotherapy or to 
j treat Lite graft failures or delayed platelet engraft- 
1 merit. Based on their functional characteristics, MSC 
! are attractive vehicles for gene therapy in that they are 
expected not to be lost through differentiation as 
rapidly as hematopoietic progenitors. Examples of 
diseases in which stromal cell-mediated gene thera- 
py m ght be appropriate include factor VIII and fac- 
tor \\ deficiencies and the various lysosomal storage 
diseases Interestingly, compared to skin fibroblasts 
or It'.jkocytes, marrow-derived mesenchymal cells 
produce significantly higher levels of a-iduronidase, 
an enzvme involved in type II mucopolysaccharidos- 
es [Djficstnoand Carlo-Stella, unpublished data) In addi- 
tion^ stromal cells might also be transduced with 
cDNA of various hematopoietic growth factors or 
cytc kir-'os. This approach might allow high levels of 
I corrijiHrtirnentalized growth factor production and 
mighr be used (i) to stimulate hematopoiesis in 
patients with congenital or acquired hematopoietic 
defei ts, (ii) to improve B- and T-cell recovery follow- 
i ing .ilic'geneic SCT, (iii) to accelerate myeloid recon- 
stitu; t n in recipients of cord blood transp ants 
In ' (inclusion, MSC appear to be an attr art^vc rher- 
: apc'unc fool capable of playing a role in a wide range 
ofrlinKMl applications in the context of both cell and 
; ger^e therapy strategies. However, a number of fun- 
darii-'ntal questions about MSC still r.t-vJ to be 
resni.ed before they can be used for safe .\r.r. rffec- 
tive and gene therapy. 

Conclusions 

A!t';i;ugh most of the new therapeutic a:ii' inches 
o': t therapy are experimental and haven. ■ iippn 
V'.i Vl irf'd by phase III clinical trials, the; : ./^' ir to 
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hold a high therapeutic potential. Separatton of GVL 
from GvHD through generation and infusion of 
leukemia-specific T-cell clones or lines is one of the 
most intriguing and promising fields of investigations 
for the future. Likewise, strategies devised to improve 
immune reconstitution and restore specific anti-infec- 
tious functions through either induction of unre- 
sponsiveness to recipient alloantigens or removal of 
alloreactive donor T-cells might increase the applica- 
bility and success of hennatopoietic stem cell trans- 
plantation. Cellular immunotherapy with DC must be 
standardized and several critical points, discussed in 
this review article must be properly addressed vk^ith 
specific clinical studies. Stimulation of leukemic cells 
via CD40 receptors and transduction of tumor cells 
with co-stimulatory molecules and/or cytokines may 
be useful in preventing tumor escape ft"om immune 
surveillance. Tumor cells can be genetically modified 
to interact directly v^ith dendritic cells in vivo or recom- 
binant antigens can be delivered to dendritic cells 
using attenuated bacterial vectors by oral vaccination. 
MSC repre.sent an attractive therapeutic tool capable 
of playing a role in a wide range of clinical applica- 
tions in the context of both cell and gene therapy 
strategies. 
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